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University of Nebraska, 2015 
Advisor: Paul J. Kononoff 
Eight multiparous Holstein and 8 Jersey excretion dairy cows were used to complete 
energy balance trials designed to determine the effect of breed on the production and 
energy efficiency of milk, and energy partitioning. A repeated switchback design was 
used to compare the effect of cow breed.  Diets consisted of 24.5% corn silage, 18.4% 
alfalfa hay, 6.9% grass hay, with either 22.9% rolled corn and 14.8% soybean meal 
(CON) or 8.95% rolled corn and 28.8% reduced fat distillers grains (RFDDGS) DM-
basis. Diets were offered ad libitum for a 28 d adaptation period and 95% ad libitum for a 
4 d collection period. During the collection days, nutrient digestibility and energy use 
was measured; indirect calorimeter respiration head boxes were used to determine heat 
production. Across diets, Holstein had a lesser (P < 0.01) DMI as a proportion of BW 
than Jersey cows (3.54 vs. 4.22 ± 0.13 DMI % BW, respectively). Milk protein (3.76 % 
vs. 3.21% ± 0.11 for Jersey and Holstein, respectively; P < 0.01), and fat (4.97 % and 
3.70 % ± 0.19 for Jersey and Holstein, respectively; P < 0.01) concentration increased 
with Jersey compared with Holstein cows. Nevertheless, yield of ECM per unit of DM 
consumed was not affected by breed and averaged 1.58 ± 0.05 kg/kg of DMI (P = 0.50). 
The milk energy output per kg of DMI, per kg of BW0.75, and as a proportion of GEI did 
not differ between breeds (P = 0.47). However, Jersey cows had a greater fecal energy 
output per kg of DMI, per kg BW0.75, and as proportion of GEI (P = 0.03). Consequently, 
  
ME as a proportion of GEI of Holstein was greater than that of Jersey cows (59.1 vs. 55.4 
± 0.65% for Holstein and Jersey, respectively; P < 0.01). Milk energy output as a 
proportion of ME was not affected by breed and averaged 47.0 ± 1.84 % of ME.  Results 
from this study suggest that breed had no effect on any of the dairy efficiency variables 
measured.   
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CHAPTER I 
INTRODUCTION 
Efficient conversion of feed into milk is critical to improve the economic 
performance of dairy farms (Predenville et al., 2009) since feed costs may account for up 
to 80% of the variable costs of dairy production (Shalloo, 2007).  Additionally, 
improving feed efficiency of dairy cows reduces the excretion of nutrients fed in excess 
which allows decreasing the manure management cost and the environmental impact 
(Hoffmant et al. 2007).  
Energy utilization is difficult to determine in lactating cows because of the 
multiple complex biological pathways used to produce milk.  Energy must be digested, 
metabolized, and used to meet maintenance requirements before producing milk (NRC, 
2001). Multiple factors may affect feed conversion and breed may be one of them. 
Beecher et al. (2014) observed that production efficiency and energy partitioning 
(Mcal/BW0.75) between breed can be different between Jersey, Jersey × Holstein, and 
Holstein cows because Jersey and Jersey × Holstein had greater gastro intestinal tract 
(GIT) as a proportion of body weight (BW) than Holstein cows.  
In the period of 2009 to 2014, Jersey percentage of cow population increased 
from 4.9% to 6.4% while population of Holstein decreased from 89.6% to 83.9% (CDCB, 
2015), which shows that Jersey is increasing in popularity in  dairy farms in the United 
States. This increase may be related to Jerseys capacity to produce greater milk 
components than Holstein (Capper and Caddy, 2012) since the price of milk is based on 
milk fat, true protein and other solids (Bailer and Tozer, 2001). However, it is not clear if 
adding Jersey cows to the herd would increase revenue to overall production, especially 
 2 
because milk output per animal in average is reduced in Jerseys compared with Holstein. 
Identifying the breed with improved feed efficiency may help farms to improve economic 
benefits by decreasing feeding costs.  
Some researchers suggest that breed has no effect on efficiency of converting 
metabolizable energy (ME) into milk energy and energy partitioning between milk and 
body tissue (Blake et al, 1984; Aikman et a., 2008; Xue et al, 2010). Another study by 
Rastani et al. (2001) observed that as a proportion of metabolic body weight (BW0.75), 
Holstein had greater milk energy and tissue energy loss than Jersey, which suggests that 
Holstein use more energy for milk production and less for body tissue. Similarly, Yan et 
al. (2006) observed that Holstein cows have greater ability to partition more energy into 
milk and less into body tissue when compared to Norwegian cows. In this study we 
hypothesize that breed had no effect in the ability to turn GEI into ME, and on partition 
of ME into milk (energy efficiency) and body tissue. No information is available 
comparing the energy efficiency between Jersey and Holstein consuming an ethanol 
coproduct based diet (Co-P). The objective of this study were to (1)determine if 
difference exist between Jersey and Holstein regarding energy partitioning and feed 
efficiency and (2)  to determine mineral excretion differences between Jersey and 
Holstein cows.  
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CHAPTER I 
LITERATURE REVIEW 
Dairy Breeds  
Two of the most common dairy breeds in USA are Holstein and Jersey, which 
together account for approximately 90% of the dairy cows (CDCB, 2015). For many 
decades dairy cows in the U.S. have been selected intensively for milk production. 
Holstein is the most popular breed used in the U. S. dairy farms. It represents 83.9% of 
the dairy cow population (CDCB, 2015).  This breed is well known for its high ability to 
produce large volume of milk, fat, and protein.  On average, a mature Holstein cows 
weights about 680 kg and produce 11500 kg of milk, 420 kg of fat, and 340 kg of protein 
in a 305 d period of lactation (USH, 2009). Holstein age at first calving averages 26.8 
months and only 38% of cows remain alive at 5 years of age (Garcia-Peniche et al. 2006). 
Productive life of Holstein cows average approximately 4 years (USH, 2009). Some 
health issues present in Holstein cows may be a result of the intensive selection for milk 
production. Other traits such as longevity, fertility, and resistance to diseases have been 
marginalized during the selection process (Lucy, 2001; Price et al., 2004; Macket et al., 
2007;  Xue et al., 2011). Moreover, inbreeding level in various Holstein populations 
continue rising (Hansen, 2000). As a result, some dairy farms have been introducing 
crossbred Jersey × Holstein not only to improve milk composition but also reproductive 
performance and longevity (Xue et al., 2011). 
The second breed most popular in the U. S. is Jersey. In 2014, this breed 
accounted for about 6.4 % of the dairy herds (CDCB, 2015). Jersey cows have an average 
milk production of 7455 kg, 347 kg of fat, and 268 kg of protein per 305 d production 
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(AJCA, 2009). The Jersey’s BW is between 400 to 450 kg.  Jersey’s average age at first 
calving is 25.8 months and the average productive life is 33.6 months (AJCA, 2009). 
Auldist et al. (2007) observed that Jersey × Holstein had less calving problems, larger 
estrus periods, fewer services per conception, and shorter calving intervals than Holstein, 
which suggest improved reproductive performance in Jersey cattle. In addition, Smith et 
al., (2013) observed that Jersey cows had less variability in milk components and smaller 
declines in milk production than Holstein cows under heat stress condition. Heat stress 
tolerance of Jersey may be related to a lesser requirement of energy for thermoregulation 
in Jerseys compared with Holsteins (Espinoza et al, 2009).  
 
Milk Components 
The value of milk is determined by the milk component concentration, which 
have become a very important factor in the recent years (Bailer and Tozer, 2001). In the 
last ten years, the demand of milk for cheese increased because the per capita 
consumption of cheese in the U. S. augmented from 26.9 kg in 1995 to 34.17 kg in 2014 
(USDA, 2015). In the U.S. there are two breed with distinguished characteristics, 
Holstein with high milk yield and Jersey with greater milk nutrient density and lesser BW 
(Capper and Cady, 2012). The advantage of Jersey compared with Holstein in milk 
components is clear, the average milk fat and protein in Holstein is 3.64 and 3.06 %, 
respectively, while Jersey milk contains 4.6 % butterfat and 3.6 % protein (AJCA, 2009). 
A study by Heinz et al. (2008) observed no effect of breed between Jersey × Holstein and 
Holstein in fat and protein yield per kg of DMI which averaged 94 g/kg DMI.  Milk 
components are the major determinant of cheese yield (Capper and Cady et al., 2012). 
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Anderson et al. (2007) observed no difference between Jersey × Holsteins and Holstein 
cows in cheese yield per kg of DMI and averaged 160 g per kg of DMI. However, 
Auldist et al. (2004) observed that Jersey cattle yielded 10% more cheese per kg of milk 
than Holstein. In the latter study breed had no effect on the quality and yield of cheddar 
cheese when milk was standardized to equal fat and protein concentrations.  Capper and 
Caddy estimated that Jersey require less energy than Holstein to produce 1 kg of cheese 
(65 MJ vs. 72 MJ /kg of cheese for Jersey and Holstein, respectively; Figure 1.1).   
According to Cho et al. (2009), milk nutrient density (fat and protein) had a 
substantial effect to determine the value of milk in 105 dairy farms in New York. 
However, Bailey et al. (2005) observed that total yield of components resulted in the 
highest income over feed cost (IOFC) for a representative Holstein and Jersey herd in 
Pennsylvania.  Bailey et al. (2005) advised that adding Jersey to a Holstein herd, with 
lesser milk production lesser than the current herd average could cancel any gains of 
greater milk components. According to Bailey, the most important factor affecting IOFC 
was the total amount of milk, fat, and protein yield, and not the concentration of milk 
components.    
 Energy balance 
The relationship between dietary intake and energy utilization is known as energy 
balance (Butler and Smith, 1987). Loss of body weight (BW) is associated with negative 
energy balance while gain in BW with positive energy balance (Coffey et al., 2002). 
Usually cows lose BW during due to negative energy balance in the early lactation but 
return to positive energy balance between 40 to 80 d in lactation (Coffey et al., 2002).  
Figure 1.2 illustrates the energy flow and losses through the digestive and metabolic 
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processes in the dairy cow. The energy content of feed that an animal consumes is known 
as gross energy intake (GEI), which is estimated by the heat of combustion of the 
ingredients, that is determined through a bomb calorimetry (Blaxter, 1962). A portion of 
the GEI is digested and absorbed; the remainder fraction is excreted in the feces.  The 
energy that is not lost in the animal feces is known as the digestible energy (DE; 
Equation 1).  Part of the energy that is absorbed and digested is lost without being used 
by the animal. These losses include the urinary energy and methane (CH4) energy. The 
metabolizable energy (ME; Equation 2) is the energy available for metabolic process of 
the animal such as maintenance, growth, and production. Equation 3 represents the net 
energy for lactation (NEL), which is the ME minus the heat production energy (HP) and 
is the energy available for productive purposes in the dairy cow. The expressions for the 
partial efficiency of ME expended for maintenance, lactation, protein gain, fat gain, and 
gain in total tissue energy are denoted by km, kl, kp, kf, and kg, respectively (Moe, 1981).     
DE (Mcal) = GEI (Mcal)  – fecal energy (Mcal)     [1] 
ME (Mcal)  = DE (Mcal)  – urinary energy (Mcal)  – methane energy (Mcal) [2] 
NEL(Mcal)  = ME (Mcal)  – HP (Mcal)       [3] 
 
Heat Production. Animals produce heat as a result of the physiological digestion 
and oxidation of dietary compound (Blaxter, 1989; Equation 4), the energy loss as body 
heat is defined as heat production (HP). Brouwer (1965) developed an equation to 
indirectly estimate HP in ruminants, and has been recently used in energy balance trials 
(Birkelo et al., 2004; Xue et al., 2011, Foth et al., 2015). This equation calculates the HP 
as a function of the consumption of oxygen (O2), production of carbon dioxide (CO2), 
and CH4, and N in urine (Equation 5). The theory behind this equation is that oxidation 
 7 
heat from carbohydrates, protein, and fat, as well as heat from the urea production is 
equal to the total heat produced by the animal. In addition, ME can be determined 
through indirect calorimetry as a function of the HP and recovered energy (RE) 
(Equation 6).   
C6H12O6 + 6 O2  6 CO2 + 6 H2O + heat      [4] 
HP (Mcal) = 3.866 × O2 (l) + 1.200 ×   CO2 (l) – 0.518 × CH4 (l) – 1.431 ×   N (g) [5] 
ME (Mcal) = RE (Mcal) + HP (Mcal)      [6] 
Reducing the amount of energy attributed to HP can leave more energy available 
for milk synthesis, in other words, productive efficiency can be improved by reducing 
energy used for HP. Tine et al. (2001) observed that HP was greater in animals that were 
fed ad libitum compared with restricted diets; however in this study, HP expressed as a 
proportion of GEI was not different between diet types.  Observations from Belyea an 
Adams (1990) showed that there was no difference in HP between low and high genetic 
merit lactating Holstein cows; however, when HP was expressed per kg of BW 0.75, the 
high merit cows had lesser HP compared with the low merit cows. These findings suggest 
that it is possible to reduce the loss of energy in HP through genetic selection; reducing 
HP would increase energy available for milk production.  
The gas measurement, necessary to estimate the HP by indirect calorimetry, can 
be estimated using the heat-box (Figure 1.3). The head-box is a simplification of the 
whole animal chambers because it only encloses the head of the animal and it allows 
estimating HP by indirect calorimetry (Foth et al., 2015). However, a disadvantage of the 
head box is that it cannot measure gasses that result from hind gut fermentation which 
can account for 2 to 12 % of total methane production (Johnson and Johnson, 1995). The 
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benefits of using the head box in dairy experiments include easy fecal and urine collect as 
well as milking without disrupting gas collection. Additionally, head box reduces animals 
stress compared with whole animal chamber, which also reduces variability in feed intake 
(Johnson and Johnson, 1995).   
Methane energy. Microorganisms in the rumen and hindgut, also known as 
methanogens, can produce methane through the normal process of feed digestion (Sarah 
et al., 2010). Typically ruminants lose 6% of the energy intake as eructed methane and it 
can vary between 2 to 12 % (Johnson and Johnson, 1995). The CH4 energy is not 
available for metabolic processes to the animal; decreasing the CH4 production is 
beneficial because it improves energetic efficiency and decrease greenhouse gas emission 
to the environment (Johnson and Johnson, 1995; Hegarty, 1999). Reduction of methane 
production it is possible by depriving rumen methanogen of H2 (Hegarty, 1999). The H2 
concentration in the rumen can be reduced by altering the feed fermentation in the rumen 
to yield more propionate and butyrate instead of acetate. Altering the forage to 
concentrate ratio in the diet can affect the ratio of acetate to propionate production and 
therefore the H2 production (Stewart and Bryant, 1988).In addition, increasing non-
structural carbohydrates result in and increase in the concentration of propionate which in 
consequence reduce the pH in the rumen (Blaxter and Clapperton, 1965). Lesser pH is 
associated with reduction of methanogens activity and methane production (Reynolds et 
al., 2014). Methane production can also be reduced by ionophore monensin which 
reduces the availability of H2 due to a shift of acetate toward propionate production and 
associated decrease in methanogenesis (Russell and Houlihan, 2003).  Odongo et al. 
(2006) observed that CH4 production (g/d) was reduced by 7% when monensin was 
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supplemented at 24 mg/kg. An alternative method to reduce methane production is the 
use of unsaturated fatty acids as H2 sinks via biohydrogentation and as protozoa 
inhibitors in the rumen (Johnson and Johnson, 1995). However, Johnson et al. 2002 
observed that adding 1.7% of oilseed had no effect on the methane energy as a proportion 
of GEI.  Methane production in the rumen can also be affected by the digestibility of 
forage, for example, Hegarty (1999) observed that shifting animals from a low to a high 
digestible pasture resulted in a reduction of methane production per BW. Research 
suggests that it is possible to reduce methane production and increase efficiency by 
different nutritional strategies.  
 
Energy Requirement for Maintenance  
The energy required for normal metabolism of dairy cow is known as 
maintenance energy, which includes energy expenditure in body thermoregulation, 
energy necessary for digestive processes, as well as energy to replace dead cells. In 
addition,  energy requirements for maintenance can increase due to grazing activity, 
environmental conditions, physiological state  such as  pregnancy or lactation   (NRC, 
2001). In a review of energy studies by Foth (2014), the energy requirements for 
maintenance for dairy cows ranged between 90 and 170 kcal/kg BW0.75   Yan et al. 
(1997) observed that the metabolizable energy requirement for maintenance (MEm) in 
dairy cows fed a grass-silage based diet increased with greater milk yields. The greater 
MEm in the latter study was associated to greater energy requirement of larger hepatic 
mass, gastro intestinal tract, and renal organs that accompanied the greater intake of 
energy.  In the study of Yan et al. (1997), the MEm was estimated through linear 
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regression of milk energy output against ME intake and ranged between 0.61 and 0.5 
MJ/kg BW0.75 or 146 to 179 Kcal/kg BW0.75. Tyrrell et al. (1991) observed that, even 
though Holstein produced approximately 30% more milk than Jersey, milk energy output 
in (Mcal) per kg BW0.75 was not affected by breed, which suggested that breed did not 
affect MEm. Reynolds and Tyrrell (2000) compared the requirements of maintenance 
energy between lactating Holstein and Hereford-Angus cows, this study observed no 
difference between breeds, estimating the energy requirement of maintenance at 120 kcal 
of ME/kg BW 0.75.  Xue et al. (2011) determined the maintenance requirement for 
Holstein and Jersey × Holstein at 170 and 160 kcal of ME/kg BW 0.75, respectively; even 
though these values were numerically different, no effect of breed was observed on the 
MEm. The NRC (2001) does not include any adjustment factor for breed to estimate the 
energy requirement for maintenance and a reports a value of 80 kcal/kg BW0.75. 
 
Energy Requirements for Lactation 
The NRC (2001) defines the net energy for lactation (NEL) as the energy 
contained in milk and is equal to the sum of heat of combustion of individual milk 
components (fat, protein, and lactose). The NRC (2001) estimates the requirements for 
NEL as a function of individual components (Equation 7), as a function of fat and protein 
(Equation 8), and as a function of fat content only (Equation 9).  
NEL (Mcal/kg) = 0.0929 × Fat % + 0.0547 × Crude Protein % + 0.0395 × Lactose % [7] 
NEL (Mcal/kg) = 0.0929 ×  Fat % + 0.0547 ×  Crude Protein % + 0.192        [8] 
NEL (Mcal/kg) = 0.0929 ×  Fat % + 0.360            [9] 
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The NEL can also be defined as the proportion of ME that is used to produce milk 
and can be calculated as the difference between ME and HP (Equation 3). Belyea and 
Adams (1990) observed that high and low producing cows did not differ in efficiency to 
convert GEI to DE (90%) and DE to ME (70%). However, HP as a proportion of ME was 
approximately 10% greater in low producing cows (52.9  vs 61.7 ± 1.54 % for high and 
low producing cows, respectively), which allowed high producing cows to partition more 
energy for milk production. According to Belyea and Adams (1990), partitioning of 
energy is complex but genetic selection can result in improved energetic efficiency in 
dairy cows. Increasing energy supply in diet has a substantial effect on NEL since more 
ME is partitioned into milk (Andrew et al., 1991).  In addition, feed processing can affect 
NEL, as observed by Wilkerson et al. (1997) who reported that high moisture corn 
yielded greater NEL values than ground corn. None of the NRC (2001) equations to 
estimate NEL included and adjustment for breed.  
 
Feed Efficiency  
 A broad definition of feed efficiency is the ratio of desired product (i.e. growth, 
work, milk) to total feed intake (Brody, 1945). Blake and Custodio (1984) defined feed 
efficiency as the rate of converting dietary nutrients to milk after adjustment for nutrients 
supplied by catabolism (e.g., negative energy balance) or nutrients divert to replenish 
tissue reserves. Table 1.1 and Table 1.2 show gross feed efficiency and energy efficiency 
values observed in energy trials with dairy cows. The dairy feed efficiency is equal to the 
ratio of milk yield or energy corrected milk (ECM) divided by the DMI (Maulfair et al., 
2011). Alternative measurements of feed efficiency are: milk energy/Mcal DE 
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(Dickinson et al.,1969), yield of fat corrected milk (FCM) per units of estimated energy 
intake (Hooven et al., 1971), and yield of solid corrected milk (SCM) per kg of 
DMI(Grieve et al., 1976).  Efficiency can also be expressed as milk energy as a 
proportion of ME, milk energy as a proportion of GEI, or milk energy divided by kg 
BW0.75(Reynolds et al., 2014; Xue et al., 2011). Reduction of expenditure of energy for 
HP, methane production, or energy balance (tissue energy) as a proportion of GEI and 
ME may indicate improved energetic efficiency.   
 Various studies evaluated the effect of breed on energetic and feed efficiency 
(Grainger and Goddard, 2004; Anderson et al., 2007; Heinz et al., 2008; Yan et al., 2006; 
Xue et al., 2011). Xue et al. (2011) observed that breed (Holstein vs. Jersey × Holstein) 
had no effect on the partition of ME between milk and body tissue. The results of the 
latter study suggested that in average 32% of ME was used for milk production and this 
proportion did not change with concentrate level (30 vs 70% concentrate). Additionally 
Xue et al. (2011) observed that the efficiency to convert GEI into ME was 68% and it 
was similar between breeds. Similarly, Heins et al. (2008) studied the effect of breed 
(Holstein vs Jersey × Holstein) on feed efficiency measured as ECM/DMI and milk 
solids (protein and fat)/DMI in the first 150 d of lactation.  In this study, breed had no 
effect on ECM/DMI and it averaged 1.43 kg of milk per kg of DMI; similarly the milk 
solids yield per Kg of DMI averaged 94 g and was unaffected by breeds.  Anderson et 
al. (2007) evaluated the feed efficiency of a Holstein vs. Jersey and Jersey × Holstein in a 
confinement dairy herd of about one thousand cows (80% Holstein and 20% Jersey and 
Jersey × Holstein) in Wisconsin.  In the latter study, feed efficiency was measured as fat 
corrected milk (FCM) per kg of DMI, solid corrected milk (SCM) per kg of DMI, and 
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ECM per kg of DMI. Anderson et al. (2007) observed that Jersey and Jersey × Holstein 
had numerically greater feed efficiency than Holstein; however when feed efficiency was 
measured as cheese yield (kg) per kg of DMI, breed had no effect and it averaged 159 g 
/kg of DMI.  
The dairy efficiency can be also expressed in economics terms, a simple and 
common concept is the income over feed cost (IOFC) which is calculated dividing the 
gross milk income (milk price × milk yield) and total feed cost per cow per day. Other 
cost associated with dairy production such as health cost, productive life, and 
reproductive efficiency may not be constant between breed but IOFC can be adjusted for 
these factors. Anderson et al. (2007) determined the IOFC for a group of Holstein and a 
group of Jersey and Jersey × Holstein dairy cows. The IOFC using actual farm milk 
prices in Holstein cows was 0.42 $ /cow per day greater than Jersey and Jersey × Holstein 
cows. The advantage of Holstein over the Jersey group was reduced to 0.26 $/cow per 
day after milk price was adjusted for premium prices due to milk components. The IOFC 
was 0.21 $/cow per day greater on Jersey group cows after IOFC was adjusted for days 
open and culling rates. The findings of Anderson et al. (2007) suggest that milk pricing 
programs (i.e. component premiums) may have a substantial impact on the economic 
performance of dairy farms. The energy and feed efficiency is an important estimator of 
performance of dairy cow. The use of other such as IOFC may complement the 
information necessary to evaluate the nutritional programs of dairy farms.  
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Nutrient Excretion 
 Dietary nutrients that are fed in excessive amounts are not utilized efficiently for 
milk production (NRC, 2001). In consequence, large amount of nutrients can be excreted 
in feces and urine, which results in increased milk production costs and greater emissions 
of pollutants to the environment (Chandler, 1996; Castillo et al., 2013). An ideal feeding 
regime consist of supplying nutrient amounts to maximize milk synthesis and milk 
components, ruminal fermentation, growth of rumen microbes, while minimize losses of 
nutrients to the environment (NRC, 2001). 
Guidelines of nutrient management plans for concentrated animal feeding 
operations have been issued by the U.S. Environmental Protection Agency (EPA, 2003), 
and farms should be in compliance with all federal and state regulations (NRC, 2001).  
Adequate nutrient supplementation is necessary to improve nutrient management and to 
reduce environmental pollution. In addition, disposal and odor problems can result in 
more strict regulation (NRC, 2001). Appropriate manure handling and storage is 
necessary to maximize the use of waste nutrients in the crop land (NRC, 2001).  
 
Manure excretion 
The sum of fecal and urine production is equal to the manure excretion (NRC, 
2001). The production of manure from data set of metabolic studies of lactating cows in a 
wet basis averaged 66.3 ± 14.4 kg/d and ranged between 27.7 to 114.4 kg/d (Nennich et 
al. 2005). Urine production averaged 23.1 ± 7.19 kg/d and accounted for one third of the 
total manure excretion (Nennich et al. 2005). Manure excretion was observed to have a 
linear relationship with DMI (Figure 1.4). Additionally, Knowlton et al. (2010) 
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determined that wet manure excretion for Holstein and Jersey was 74.3 and 49.8 ± 2.34 
kg/d, respectively. Tomlinson et al. (1996) observed that the fecal DM ranged from 6.2 to 
7.4 kg/d, similar values were observed by Nennich et al. (2005) and Weiss and Wyatt 
(2004) for lactating cows averaging 7.3 ± 1.63 and 6.9 ± 1.5 kg/d, respectively. The fecal 
DM excretion observed by Knowlton et al. (2010) was 8.11 and 5.67 ± 0.32 kg/d for 
Holstein and Jersey, respectively. Knowlton et al (2010) indicated that difference in fecal 
DM output between Holstein and Jersey were proportional to differences in DMI and BW    
Several equations were developed to predict manure and nutrient excretion for 
Holstein cows (Wilkerson et al., 1997; St-Pierre and Thraen, 1999; Knowlton et al. 2002; 
Nennich et al., 2005).  According to these studies, the variable that most accurately 
predicts DM manure excretion (DME) is DMI.  Van Horn et al. (1994) estimated that 
DME could be determined by multiplying DMI by 0.33 and adding the urine DM.  
Nennich et al. (2005) developed and equation to estimate DME (Equation 10). This 
equation shows a direct relationship between DMI and DME. Other variables (BW, DIM, 
Milk yield) were not significant to predict DME when included in the equation with DMI. 
In the absence of DMI, Nennich et al. (2005) developed an equation based on milk yield, 
BW, and milk true protein (MTP) (Equation 11). 
DME (kg) = (DMI × 0.356) +0.80       [10] 
DME (kg) = [milk × 0.112] + [BW × 0.0062] + [MTP × 106.0] -2.2  [11] 
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Mineral and Nitrogen Excretion 
Overfeeding of minerals can result in greater excretion of minerals which could 
have negative environmental effects (Castillo et al., 2013).  Mineral overfeeding can also 
inflate feed costs, decrease absorption of other minerals because of antagonism effects, 
and have negative effects on ruminal microbes and the cow (NRC, 2001). 
Several equations were developed to estimate mineral excretion by dairy cows 
(Morse et al., 1992; Beede and Davidson, 1999; Weiss and Wyatt, 2004; Nennich et al., 
2005). Most of these equations calculate mineral excretion by subtracting mineral 
secretion of milk to the mineral intake. Additionally, Castillo et al. (2013) included 
mineral intake provided by drinking water and observed that ignoring minerals consumed 
via water introduced significant errors when estimating manure excretion of minerals via 
the mass balance technique. However, the degree of error associated with not including 
the water mineral intake can vary greatly between farms (Castillo et al., 2013). 
The main concerns from the environmental perspective is the excretion of 
nitrogen (N) and phosphorus (P) (NRC, 2001). For example, the Water Quality Control 
Board of California regulates the discharge of N, P, and K in the dairy farms (Castillo et 
al., 2013). The  excretion of other minerals such Cd, Cu, Fe, hg, P, K, Na, Se, S, and Zn 
have shown potential negative effects on crop yields or the environment (Castillo et al. 
2013).  Therefore, it is likely that future environmental regulation will include more of 
these mineral. Defining accurate nutrient requirements of dairy cows will minimize 
nutrient excretion (NRC, 2001). Adequate mineral excretion estimates are needed in 
dairy farms for proper nutrient management plans (Nennich et al., 2005). 
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Nitrogen excretion. Milk secretion accounts for 25 to 35 percent of the N that 
dairy cows consume (Chase, 1994; Chandler et al., 1996). The remaining N is almost 
entirely excreted in feces and urine (NRC, 2001). Consequently, Nitrogen excretion (NE) 
can be determined by the difference of intake and milk secretion of N (Van Horn et al., 
1994). Nennich et al. (2005) developed and equation to estimate NE as a function of milk 
yield (Equation 12). It was observed that increase in N intake resulted in greater N 
excretion in several studies (Tomlinson et al., 1996; James et al., 1999; Krober et al., 
2000; Frank et al., 2002; Nennich et al., 2005). The best predictor of NE was N intake. 
Equation 13 estimates the NE as a function of DMI, dietary CP (g/g of DM), and BW (kg) 
(Nennich et al. 2005).    
NE (g) = [Milk (kg) × 2.82] + 346        [12] 
NE (g) = [DMI (kg) × Dietary CP (g/g of DM) × 84.1] + [BW (kg) × 0.196] [13] 
 Excretion of N in g/d was reported by Nennich et al. (2005) and Knowlton et al. 
(2010). In the first study, the average N excretion averaged 439 ± 94 g/d and it ranged 
from 180 to 741 g/d for a data set of lactating dairy cows (n= 529). It was also observed 
that fecal and urinary N averaged 222 ± 59 and 216.5 ± 64 g/d, respectively (Nennich et 
al. 2005). Knowlton et al. (2010) observed that fecal N was 243 and 162 ± 10 g/d for 
Holstein and Jersey respectively, whereas urinary NE was 213 and 161 ± 6 g/d. 
Additionally, milk N was 162 and 115 ± 8 g/d for Holstein and Jersey, respectively. 
Interestingly, Knowlton et al. (2010) observed that breed had no effect on the NE and 
milk N as a percentage of N intake averaging 73% and 25.4%, respectively.  In general, 
from the total N excretion, approximately 50 % of N is excreted in feces and 50% in 
urine.  
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Phosphorus excretion. The amount of P fed in excess of cow’s requirement is 
excreted in the feces and urine (NRC, 2001).  The requirement of dietary P for a mature 
lactating dairy cow ranges from 0.32 to 0.38 % DM or 44.2 to 80.3 g/d for Holsteins and 
41 to 60 g/d in Jersey cows (NRC, 2001). Several experiments were conducted to 
determine the P excretion of dairy cows (Morse et al.,1992; Wu and Satter, 2000; 
Knowlton et al. 2001; Knowlton and Herbein, 2002). Those studies suggested that current 
NRC (2001) requirements of dietary P are sufficient or somewhat overestimated. Morse 
et al. (1992) fed diets with increasing levels of P (0.30, 0.41 and 0.56 %DM), which 
supplied 60, 82, and 112 g/d of P. The amount of P that cows excreted was 42, 51, and 80 
g/d respectively, which indicate a direct relationship between P intake and excretion 
(Morse et al., 1992). In a later review by Weiss and Wyatt (2004), P excretion from 
various digestion trials were evaluated (8 experiments, 39 dietary treatments, 162 
observations).   In this review, dietary concentration of P averaged 0.35 %DM and ranged 
from 0.18 to 0.50 %DM producing P intakes of 45 to 133 g/d. Weiss and Wyatt et al. 
(2004) observed that fecal P output averaged 47 g/d and ranged from 18 to 84 g/d, 
whereas apparent digestibility averaged 40.4 % and ranged from 9.3 to 75.8%. Knowlton 
and Herbein (2002) fed three levels of dietary P (0.34, 0.51, and 0.67 %DM) and 
observed that total P excretion increased from 37 to 108 g/d. Knowlton and Herbein 
(2002) observed that P apparent digestibility decreased from 53.3 to30.9 % with greater 
level of dietary P. Knowlton and Herbein (2002) also reported that P secreted in milk did 
not varied substantially and remained between 45.5 to 50.3 g/d.  Nennich et al. (2005) 
evaluated P utilization from a mineral data set (8 experiments, n=85) and observed that 
dietary P averaged 0.44 %DM ranging from 025 to 0.60 %DM.  Nennich et al. (2005) 
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observed that total P excretion for a lactating cow averaged 74 g/d and ranged from 27 to 
114 g/d. Generally, cows that were fed greater amount of P excreted greater amounts of P 
in manure (Weiss and Wyatt, 2004; Figure 1.5). Approximately 95 to 99 of P is excreted 
in feces (Knowlton and Herbein, 2001; Weiss and Wyatt, 2004). The excretion of P in 
urine is minimal in ruminants, but and can vary with P intake and secretion of 
Parathyroid hormone (NRC, 2001).  
 Several equations were developed to predict P excretion (Beede and Davidson, 
1999; Weiss and Wyatt, 2004, Nennich et al. 2005).  It was determined that the best 
single independent variable to predict P excretion was P intake (Weiss and Wyatt, 2004; 
Nennich et al. 2005).  Weis developed an equation to predict total manure P (g/d) as a 
function of P intake (Equation 14). Van Horn et al. (1994) and Beede and Davidson 
(1999) estimated manure excretion of P (g/d) by subtracting the amount of P secreted in 
milk (g/d) from the total intake of P (Equation 15).  Nennich et al. (2005) also developed 
an equation to predict P excretion (g/d) as a function of dietary P (g/g of DM) and DMI 
(kg) (Equation 16).  
Manure P (g) = -2.5 + 0.64 × P intake (g/d)      [14] 
Manure P (g) = P intake (g/d) – (Milk yield (kg) * 0.9 (g/kg)   [15] 
P excretion (g) = [DMI × Dietary P (g/g of DM) × 560.7] + 21.1    [16] 
Potassium excretion. The dietary requirement of Potassium (K) for a lactating 
cow ranges between 1 and 1.07 %DM (NRC, 2001). Potassium is mainly excreted via 
urine and some unabsorbed K is wasted in feces (NRC, 2001).   Bannink et al. (1999) 
determined that fecal K excretion was 43 ± 17 g/d and urinary K was 310± 136 when 
cows were fed an average of 390 ± 150 g/d of K.  In the latter study apparent K 
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digestibility averaged 87% and ranged between 71 and 97%. Nennich et al. (2005) 
observed that K excretion averaged 200 ± 49 g/d and that approximately 75 % of the K 
was excreted in urine when dietary K was fed at an average of 1.29 ± 0.19 %DM.  
Excretion of K is directly associated with dietary K concentration and milk yield 
(Nennich et al. 2005). As a result, K excretion can be predict as a function of milk yield 
(Equation 17) or K dietary intake (Equation 18) (Nennich et al. 2005).  
 K excretion (g) = milk yield (kg) × 1.476 + 154.1     [17] 
 K excretion (g) = [DMI × 7.21] + [Dietary K (g/g of DM) × 15944] -164.5 [18] 
Excretion of other Macro-minerals. According to the dairy NRC (2001), 
requirement of Ca ranges from 0.6 to 0.66%.  Cows secrete 1.22 and 1.45 g per kg of 
milk for Holstein and Jersey (NRC, 2001), which indicate that Jerseys requirement of Ca 
is greater than that of Holstein.  Excessive Ca supply is not associated with any specific 
toxicity, however it was observed by Miller (1983) that DMI was reduced when Ca is fed 
above 1 %DM.  Feeding excessive calcium can also interfere with trace mineral 
absorption especially Zinc (NRC, 2001).  Castillo et al. (2013) observed that total Ca 
excretion in 39 California dairy farms was 160 g/d when dietary Ca averaged 0.80 DM%. 
Castillo et al. (2007) estimated the excretion of Ca from a survey to 51 dairy farms on 
Merced County in California and observed that Ca intake was 186 g/d ranging from 97 to 
299 g/d. In the last study, Ca excretion averaged 150 g/d and ranged between 72 and 247 
g/d. Water was not a significant source of Ca since it only contributed approximately 5.5 
g/d (Castillo et al., 2007).  
The major intracellular cation and vital cofactor for metabolic pathways is 
magnesium (Mg) (NRC, 2001).  Requirement of Mg for lactating cows vary between 
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0.18 and 0.21 % DM. The amount of Mg secreted in milk is about 0.12 to 0.15 g/kg 
(Agricultural Research Council, 1980; Henry and Benz, 1995).The average dietary Mg 
concentration from 39 California dairy farms was 0.33 % DM and ranged between 0.30 
and 0.40 %DM (Castillo et al. 2013).  The excretion of Magnesium was estimated by 
Castillo et al. (2013) by difference between Mg intake and milk Mg content. The latter 
study estimated that excretion of Mg averaged 77 g/d and it ranged between 52 and 99 
g/d.  Similarly, Castillo et al. (2007) reported Mg intakes and excretion of 71 ± 14.7 g/d 
and 67 ± 17.1 g/d, respectively.  
 The requirement of sodium (Na) according to the NRC (2001) is 0.22 %DM.  The 
amount of sodium secreted in milk is 0.63 g/kg (NRC, 2001). However Castillo et al. 
(2013) measured minerals in the bulk tank of 39 dairy farms in California and reported a 
value between 0.35 and 0.43 g of Na per kg of milk and that NRC (2001).  Castillo et al. 
(2013)  observed that average dietary concentration of Na in 39 dairy farms in California 
were 0.43 % DM and estimated  excretion of Na averaged 97 g/d. Castillo et al. (2007) 
observed that water can be a substantial source of Na and that its contribution to the total 
excretion  averaged approximately 17%.  
Dietary sulfur (S) is required in dairy cow diet to improve microbial protein 
synthesis of cysteine and methionine (NRC, 2001). The dietary requirement of S is set at 
0.20 %DM. Feeding S in excess can decrease absorption of other minerals such as copper 
and selenium (NRC, 2001).  It was observed that beef cattle fed diets containing sulfur at 
0.5 %DM can develop polioencephalomalacia-like syndrome (Beke and Hironaka, 1991; 
McAllister et al., 1997).  Castillo et al. (2013) observed that sulfur content in 39 dairy 
farms in California averaged 28 %DM varying from 0.22 to 0.36 %DM, which resulted 
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in sulfur excretion of 58 g/d. Castillo et al. (2007)  also observed that water was a 
significant source of sulfur in 51 dairy farms in California and can supply approximately 
15% of the total sulfur intake.  
Trace Minerals  Excretion. The requirement of copper (Cu) for lactating dairy 
cows is set at 11 mg/kg, and absorption coefficient of Cu ranges from 2% to 5% 
depending on S and Mo dietary content (NRC, 2001). Increases of S above 0.2% 
decreases Cu absorption; increases in Mo above 0.5 mg/kg decreases absorption of Cu. 
Castillo et al. (2007) reported that dietary Cu in 51 dairy farms in California averaged 15 
mg/kg, which was 35% more than NRC’s recommendations. In the latter study, they 
observed that Cu intake and excretion were not constant and ranged between 123 to 772 
mg/d and 119 to 767 mg/d per cows, respectively. Additionally, Castillo et al. (2013) 
observed that Cu dietary concentration in 39 California dairy farms was 18 mg/kg and it 
varied between 10 to 30 mg/kg, whereas excretion of Cu averaged 417 mg and fluctuated 
between 230 and 730 mg.   
Lactating dairy cows require 20 mg/kg of iron (Fe) (NRC, 2001).  Levels above 
250 mg/kg of iron can have detrimental effects in the absorption of Cu and Zn (NRC, 
2001). The mean level of Iron in 51 dairy farms in California averaged 200 mg/kg 
(Castillo et al. 2007). In the previous study, iron excretion averaged 4200± 983 mg/d per 
cow. The excretion of iron reported by Castillo et al. (2013) was 8200 mg/d and ranged 
between 5000 and 14500 mg/d. In the latter study, dietary concentrations were above 
NRC requirements and averaged 350 mg/kg which explain the high excretion of Fe.  
The manganese (Mn) requirement for lactating cows was set at 15 mg/kg (NRC, 
2001). Weiss and Socha (2005) observed that the dietary requirement for lactating cows 
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was 1.6 times greater than the NRC value. High dietary content of Ca, K, and P can 
reduce the absorption of Mn and increase the concentration of Mn in feces (NRC, 2001). 
Castillo et al. (2007) observed that dietary Mn averaged 67.1 ± 22.8 mg/kg DM and 
ranged between 23 to 142 mg/kg DM. Castillo et al. (2013) observed concentration of 
dietary Mn averaged 73 mg/kg DM and averaged 48 to 105 mg/kg DM. In the latter 
study, Mn excretion was 1784 mg/d and ranged from 1133 to 2420 mg/d.  
The most abundant trace mineral in milk is Zn (NRC, 2001). Castillo et al. (2013) 
analyzed mineral content of milk of 39 dairy farms and the Zn content wad 3.3 mg/kg. 
The lactating cow had a Zn requirement of 55 mg/kg DM (NRC, 2001).  The dietary 
content of Zn in the survey of Castillo et al. (2007) averaged 68.2 ± 25.8 mg/kg DM.  The 
Zn content of water was observed to be negligible (Castillo et al., 2007). Excretion of Zn 
ranged from 480 to 2592 mg/d in the survey of the latter study.  The Zn excretion in the 
study of Castillo et al. (2013) averaged 1700 and ranged from  919 to 2300 mg/d. 
 
CONCLUSIONS 
The efficiency to which feed energy is utilized for milk production is of great 
importance because it impacts the economic and environmental sustainability of dairy 
farms. Various studies suggested that energy metabolism, partitioning of energy, and 
energy efficiency to produce milk may be affected by breed. Therefore, the aim of this 
study was to determine the effect of breed on energy partitioning, energy efficiency for 
milk production, and mineral excretion.  
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Table 1.1. List of studies of gross feed efficiency in lactating dairy cows 
Author Units1 Value Diet Breed 
Birkelo et al. (2004) Milk yield (kg)/DMI (kg) 1.39 Control Holstein and Jersey 
Birkelo et al. (2004) Milk yield (kg)/DMI (kg) 1.56 WCDGS Holstein and Jersey 
Heinz et al. (2008) ECM (KG)/ DMI (KG) 1.43 TMR Jersey × Holstein 
Heinz et al. (2008) ECM (KG)/ DMI (KG) 1.43 TMR Holstein 
Anderson et al. (2007) ECM (KG)/DMI (KG) 1.61 TMR Holstein  
Anderson et al. (2007) ECM (KG)/DMI (KG) 1.65 TMR Jersey and Jersey × Holstein 
Aikman et al. 2008 ECM (KG)/DMI (KG) 2.02 TMR Holstein 
Aikman et al. 2008 ECM (KG)/DMI (KG) 2.10 TMR Jersey 
Anderson et al. (2007) FCM (KG)/DMI (KG) 1.53 TMR Holstein  
Anderson et al. (2007) FCM (KG)/DMI (KG) 1.58 TMR Jersey and Jersey × Holstein 
Anderson et al. (2007) SCM (KG)/DMI (KG) 1.48 TMR Holstein  
Anderson et al. (2007) SCM (KG)/DMI (KG) 1.53 TMR Jersey and Jersey × Holstein 
Heinz et al. (2008) Fat and Protein (g)/DMI (kg) 94.00 TMR Jersey × Holstein 
Heinz et al. (2008) Fat and Protein (g)/DMI (kg) 93.00 TMR Holstein 
Anderson et al. (2007) Cheese yield (kg)/DMI (kg) 0.16 TMR Holstein  
Anderson et al. (2007) Cheese yield (kg)/DMI (kg) 0.16 TMR Jersey and Jersey × Holstein 
1 ECM = Energy corrected milk, FCM = Fat corrected milk, SCM = Solids corrected milk
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Table 1.2. List of studies of gross energy efficiency in lactating dairy cows 
Author Units1 Value Diet Breed 
Birkelo et al. 2004 Milk energy (Mcal)/ME (Mcal) 0.3790 Control Holstein and Jersey 
Birkelo et al. 2004 Milk energy (Mcal)/ME (Mcal) 0.4095 WCDGS Holstein and Jersey 
Reynolds et al. 2015 Milk energy (MJ)/ GEI (MJ) 0.2360 TMR Holstein  
Reynolds et al. 2015 Milk energy (MJ)/ME (MJ) 0.3600 TMR Holstein    
Yan et al. 2006 Milk energy (MJ)/ME (MJ) 0.3930 High Concentrate  Holstein 
Yan et al. 2006 Milk energy (MJ)/ME (MJ) 0.3590 High Concentrate  Norwegian 
Yan et al. 2006 Milk energy (MJ)/ME (MJ) 0.3720 Low Concentrate  Holstein  
Yan et al. 2006 Milk energy (MJ)/ME (MJ) 0.3510 Low Concentrate  Norwegian 
Xue et al., 2011 Milk energy (MJ)/ME (MJ) 0.3140 30% concentrate Holstein 
Xue et al., 2011 Milk energy (MJ)/ME (MJ) 0.3360 30% concentrate Jersey × Holstein 
Xue et al., 2011 Milk energy (MJ)/ME (MJ) 0.3260 70% concentrate Holstein 
Xue et al., 2011 Milk energy (MJ)/ME (MJ) 0.3280 70% concentrate Jersey × Holstein 
Rastani et al. 2001 Milk energy (Mcal)/ME (Mcal) 0.7420 TMR Jersey 
Rastani et al. 2001 Milk energy (Mcal)/ME (Mcal) 0.8570 TMR Holstein 
Aikman et al. 2008 Milk energy (MJ)/kg BW 0.75 0.9920 TMR Holstein 
Aikman et al. 2008 Milk energy (MJ)/kg BW 0.75 0.9500 TMR Jersey 
Rastani et al. 2001 Milk energy (Mcal)/BW0.75 0.2070 TMR Jersey 
Rastani et al. 2001 Milk energy (Mcal)/BW0.75 0.2420 TMR Holstein 
Reynolds et al. 2015 HP (MJ)/ME (MJ) 0.5997 TMR Holstein    
Xue et al., 2011 HP (MJ)/ME (MJ) 0.6500 30% concentrate Holstein 
Xue et al., 2011 HP (MJ)/ME (MJ) 0.6370 30% concentrate Jersey × Holstein 
Xue et al., 2011 HP (MJ)/ME (MJ) 0.6470 70% concentrate Holstein 
Xue et al., 2011 HP (MJ)/ME (MJ) 0.6020 70% concentrate Jersey × Holstein 
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Reynolds et al. 2015 ME(MJ)/GE(MJ) 0.6591 TMR Holstein    
Xue et al., 2011 ME(MJ)/GE(MJ) 0.6670 30% concentrate Holstein 
Xue et al., 2011 ME(MJ)/GE(MJ) 0.6700 30% concentrate Jersey × Holstein 
Xue et al., 2011 ME(MJ)/GE(MJ) 0.6810 70% concentrate Holstein 
Xue et al., 2011 ME(MJ)/GE(MJ) 0.6800 70% concentrate Jersey × Holstein 
Rastani et al. 2001 ME (Mcal)/ BW0.75 0.2800 TMR Jersey 
Rastani et al. 2001 ME (Mcal)/ BW0.75 0.2820 TMR Holstein 
Reynolds et al. 2015 Energy balance (MJ)/ME (MJ) 0.0392 TMR Holstein    
Xue et al., 2011 energy balance (MJ)/ME (MJ) 0.0370 30% concentrate Holstein 
Xue et al., 2011 energy balance (MJ)/ME (MJ) 0.0270 30% concentrate Jersey × Holstein 
Xue et al., 2011 energy balance (MJ)/ME (MJ) 0.0270 70% concentrate Holstein 
Xue et al., 2011 energy balance (MJ)/ME (MJ) 0.0700 70% concentrate Jersey × Holstein 
Yan et al. 2006 Energy balance (MJ)/ME (MJ) 0.0400 High Concentrate  Holstein 
Yan et al. 2006 Energy balance (MJ)/ME (MJ) 0.0510 High Concentrate  Norwegian 
Yan et al. 2006 Energy balance (MJ)/ME (MJ) -0.0080 Low Concentrate  Holstein  
Yan et al. 2006 Energy balance (MJ)/ME (MJ) 0.0010 Low Concentrate  Norwegian 
Aikman et al. 2008 Energy balance/ kg BW 0.75 -0.2230 TMR Holstein 
Aikman et al. 2008 Energy balance/ kg BW 0.75 -0.2720 TMR Jersey 
Rastani et al. 2001 Energy Balance (Mcal)/BW0.75 -0.0120 TMR Jersey 
Rastani et al. 2001 Energy Balance (Mcal)/BW0.75 -0.0400 TMR Holstein 
1 HP = Heat production, ME = metabolizable energy. 
 35 
 
 
Figure 1.1. The effect of breed on the relative proportion of energy used for maintenance 
vs. lactation and efficiency to produce cheese (Capper and Caddy, 2012).
116
137
54
76
0
50
100
150
200
250
Jersey Holstein
E
n
er
g
y
 M
J
/d
Maintenance
Lactation
2.6 kg cheese
65 MJ/kg cheese
2.6 kg cheese
65 MJ/kg cheese
20.9 kg milk, 4.8% fat, 
3.7% protein
29.1 kg milk, 3.8% fat, 
3.1% protein
 36 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2. Dietary energy flow and energetic losses involved with digestive and 
metabolic processes in the ruminant.
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Figure 1.3. Photo of head-boxes collecting gas at University of Lincoln Nebraska.  
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Figure 1.4. Relationship between DMI and trial-adjusted manure excretion for lactating 
cows. Manure excretion (kg/d) = DMI (kg/d) × 2.63 + 9.4 (Nennich et al., 2005). 
 
 
Figure 1.5. The relationship between excretion of P via manure and intake of P. The 
phosphorus manure excretion (g/d) = −2.5 + 0.64 × P intake (g/d) (Weiss and Wyatt, 
2004). 
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APPENDIX I: EQUATIONS 
DE = GEI – fecal energy        [1] 
ME = DE – urinary energy – methane energy     [2] 
NEL = ME – heat production        [3] 
HP = 3.866 * O2 + 1.200 * CO2 – 0.518 * CH4 – 1.431 * N    [4] 
C6H12O6 + 6 O2  6 CO2 + 6 H2O + heat      [5] 
ME = RE + HE         [6] 
NEL (Mcal/kg) = 0.0929 × Fat % + 0.0547 × Crude Protein % 
 + 0.0395 × Lactose %         [7] 
NEL (Mcal/kg) = 0.0929 ×  Fat % + 0.0547 ×  Crude Protein % + 0.192   [8] 
NEL (Mcal/kg) = 0.0929 ×  Fat % + 0.360       [9] 
DMe (kg) = (DMI × 0.356) +0.80        [10] 
DMe (kg) = [milk × 0.112] + [BW × 0.0062] + [MTP × 106.0] -2.2   [11] 
NE (g) = [Milk (kg) × 2.82] + 346        [12] 
NE (g) = [DMI (kg) × Dietary CP (g/g of DM) × 84.1] + [BW (kg) × 0.196] [13] 
Manure P (g) = -2.5 + 0.64 × P intake (g/d)      [14] 
Manure P (g) = P intake (g/d) – (Milk yield (kg) * 0.9 (g/kg)   [15] 
P excretion = [DMI × Dietary P (g/g of DM) × 560.7] + 21.1    [16] 
K excretion (g) = milk yield (kg) × 1.476 + 154.1     [17] 
 K excretion (g) = [DMI × 7.21] + [Dietary K (g/g of DM) × 15944] -164.5 [18] 
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ABSTRACT 
Eight Holstein and 8 Jersey dairy cows (multiparous) were used to complete energy 
balance trials designed to determine the effect of breed on the production and energy 
efficiency of milk, and energy partitioning. Two dietary treatments were applied in a 
repeated switchback design to examine the effect of genotype.   Diets consisted of 24.5% 
corn silage, 18.4% alfalfa hay, 6.9% grass hay, with either 22.9% rolled corn and 14.8% 
soybean meal or 8.95% rolled corn and 28.8% reduced fat distillers grains (RFDDGS) 
DM-basis. Diets were offered ad libitum for a 28 d adaptation period and 95% ad libitum 
for a 4 d collection period. During the collection days, nutrient digestibility and energy 
use was measured; indirect calorimeter respiration head boxes were used to determine 
heat production.   
Across diets, Holstein had a lesser (P < 0.01) DMI as a percentage of BW than Jersey 
cows (3.54 vs.4.22 ± 0.13 DMI % BW, respectively). Milk protein (3.76 vs. 3.21 ± 
0.11% for Jersey and Holstein, respectively; P < 0.01), and fat (4.97 and 3.70 ± 0.11% 
for Jersey and Holstein, respectively; P < 0.01) content increased with Jersey compared 
with Holstein cows. Nevertheless, yield of ECM per unit of DMI consumed was similar 
between breeds averaging 1.58 ± 0.05 kg ECM/ kg of DMI (P = 0.50). Similarly, breed 
had no effect in the milk energy per kg of DMI and as a proportion of BW0.75 averaging 
1.07 ± 0.04  Mcal/ kg of DMI and 0.20 ± 0.01Mcal/ kg BW0.75 (P = 0.47). However, 
Jersey had a greater fecal energy output per kg of DMI, per kg BW0.75, and as a 
percentage of GEI (P = 0.04).  Consequently, ME as a proportion of GEI in Holstein was 
greater than that of Jersey cows (69.1 vs. 55.4 ± 0.65 %, respectively; P = 0.01). 
Nevertheless, breed had no effect in milk energy as a percentage of GEI and ME, 
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averaging 26.7 ± 1.09 % of GEI and 46.7 % of ME. Results from the current study 
suggest that Jerseys and Holstein do not differ in terms of energetic efficiency for milk 
production.  
Key words: energy efficiency, Holstein, Jersey, reduced fat dried distillers grains and 
solubles. 
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INTRODUCTION 
The efficiency of conversion from feed to milk is the major determinant of farm 
productivity (Prendeville, 2010). This is because approximately 80 % of the variable cost 
is associated with feeding (Shalloo, 2007). The dairy production efficiency determines 
the relative ability of cow to convert feed nutrients into milk and components (fat and 
protein). The most basic definition of dairy production efficiency is defined as milk yield 
per kg of DMI (Brody, 1945). Production efficiency of dairy can also be expressed in 
terms of energetic efficiency as milk energy output divided by the total feed energy 
intake.  Comparing the energetic efficiency may be used as a method for comparing 
animals for genetic selection (Veerkam and Emmans, 1995). During early lactation, cow 
milk yield is high and feed intake is low which results in high productive and energetic 
efficiency. This is the result of cows mobilizing fat (loss of BW) rather than an improved 
capacity of animals to transform feed into milk. Similarly, in late lactating cow’s milk 
yield is low and feed intake is high which results in low productive efficiency and gain of 
BW. In addition, the efficiency of converting metabolizable energy intake (ME) into milk 
energy (milk energy/ME) may also be used to measure dairy efficiency. According to 
Grainger and Goddard (2007), dairy efficiency is improved when: intake per kg of BW 
increases, energy losses in feces, urine, methane, and heat production (HP) decrease, and 
greater proportion of ME is converted into milk.  
The Jersey and Jersey × Holstein genotype are increasing in popularity in the 
United States (CDCB, 2015) as means to improve milk composition, reproductive 
performance and longevity (Xue et al., 2011). Jersey cattle have a greater intake capacity 
per kg of BW (Prendiville et al., 2009) and greater yield of milk solids per Kg of DMI 
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(Tyrrell et al., 1991; West et al. 1990). Milk components (fat and protein) are the major 
factors that determine cheese yield; as a result more processors are shifting towards a 
cheese yield pricing (Anderson et al., 2007). Capper and Caddy estimated that Jersey 
utilizes less ME to produce 1 kg of cheese than Holstein cows (65 MJ vs 72 MJ/ kg of 
cheese, respectively).  In addition, Brody (1945) observed that Jersey had a lesser HP per 
kg of BW0.73 than Holstein cattle (70 vs. 84 cal/BW0.73, respectively), implying that 
Jersey cows may have more energy available for milk production per kg of BW 0.73 than 
Holstein cows. Xue et al. (2011) observed that Holstein loss a greater proportion of ME 
as HP compared with Jersey × Holstein (65 vs. 62 % of ME, respectively). Nevertheless, 
in the latter study, efficiency of converting ME to milk was not affected by breed and 
averaged 32 %. The study of Rastani et al. (2001) observed that Holstein produced 
greater milk energy per kg of metabolic weight (BW0.75 ) than Jersey cattle (0.24 vs. 0.21 
Mcal/kg BW0.75, respectively).  Literature on energetic efficiency of breeds presents 
conflicting observations; therefore the objective of this study is to determine the effect of 
breed on dairy production efficiency measured as the following ratios: milk yield (kg) / 
DMI (kg), milk energy (Mcal) / gross energy intake (GEI) (Mcal), milk energy (Mcal) / 
ME (Mcal), milk energy (Mcal) /kg BW0.75.  Additionally, energetic losses (HP, methane, 
feces, and urine) as a proportion GEI, ME, BW0.75, and DMI are evaluated as indirect 
indicators of energetic efficiency.  
  
MATERIALS AND METHODS 
 Sixteen multiparous (Holstein = 8, Jersey = 8) cows averaging 93 ± 20 DIM at the 
beginning of the experiment with average BW of 694 and 429 ± 13.0 kg, respectively.  
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The experimental design and methodology was similar to that of Birkelo et al. (2004) 
namely 2 treatment 4 period repeated switchback (Cochran and Cox, 1959) within a split-
plot design.  Cows were randomly assigned 1 of the 2 dietary treatments (Control or Co-
P) which alternated over 4 periods; thus, measurements were collected on each animal 
consuming each treatment during 2 nonconsecutive experimental periods.  Animals were 
blocked by date of calving and the subplot of this study was breed which was duplicated.  
The objective of the current study is to examine and report breed effects on feed 
efficiency, energy partitioning, and energy efficiency for lactation. Two diets were 
formulated which differed in the proportion of reduced fat distillers grains (RFDDG) 
(Poet Nutrition, Sioux Falls, SD) included in the formulation.  A sample of the RFDDGS 
is illustrated in Figure 2.1.  Diets included the Control which did not contain any 
RFDDG, and diet in which the RFDDG was included (Co-P diet) at 30 % of the diet DM 
while partially replacing the corn and soybean meal in a similar fashion as Birkelo et al. 
(2004). Specifically, the proportion of forage was held constant between treatments, but 
they differed in concentrate formulation.  In the Co-product diet, RFDDGS replaced all 
the soybean meal and approximately half of the ground corn of the Control diet.  Diets 
were balanced to contain similar concentrations of CP and a high protein soybean meal 
was utilized in the Control diet to accomplish this.  The study was conducted over 16 
month and forages varied only by year to reduce variability.  Complete diet compositions 
and nutrient analysis are presented in Table 2.1. Each experimental period was 35 d in 
duration with 28 d for ad libitum diet adaptation, followed by 7 d of collection and 95 % 
ad libitum feeding to minimize refusals, as illustrated in Figure 2.2.  During the 28 d diet 
adaptation, cows were fed for ad libitum consumption to allow for approximately 5 % 
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refusals.  All cows were less than 90 d pregnant at the conclusion of the final 
experimental period, so the effect of fetal on energy metabolism can be assumed to be 
minimal (Bell et al. 1995). Cows were housed in a temperature-controlled barn at the 
Dairy Metabolism Facility in the Animal Science Complex of University of Nebraska-
Lincoln (Lincoln, NE) in individual tie stalls equipped with rubber mats and milked at 
0700 and 1800 h. All animal care and experimental procedures were approved by the 
University of Nebraska-Lincoln Animal Care and Use Committee.  Control and Co-
product diets contained corn silage, alfalfa hay, grass hay and concentrate mixed as a 
total mixed ration (TMR) which was mixed in a Calan Data Ranger (American Calan, 
Inc., Northwood, NH).  Cows were fed once daily at 0900 h.   
Individual feed ingredients were sampled (500 g) each day during the collection 
period and frozen at -20°C.  They were later composited by period and a subsample sent 
to Cumberland Valley Analytical Services Inc. (Hagerstown, MD) for complete nutrient 
analysis of DM (AOAC, 2000), N (Leco FP-528 N Combustion Analyzer; Leco Corp., 
St. Joseph, MI), NDF (Van Soest et al. 1991), ADF (method 973.18; AOAC 2000), sugar 
(DuBois et al., 1956), ether extract (2003.05; 2006), ash (942.05; AOAC 2000), and 
minerals (985.01; AOAC 2000).  Total mixed rations were sampled on each day of 
collection and used to determine particle size according to Kononoff et al. (2003) using 
the Penn State Particle Separator. Total fecal and urine outputs were collected from each 
individual cow during the collection period for 2 consecutive days (Figure 2.3).  Feces 
were collected using aluminum pans placed into the gutter behind the stall and urine was 
collected using a noninvasive urine cup collector (Lascano et al., 2010) and accumulated 
into a Surge bucket milker (Hinsdale, IL).  Urine was deposited 4 times a day into 55-L 
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plastic containers and acidified with 50 mL of concentrated HCl, before subsampling and 
freezing (20 °C).  Subsamples of milk (100 mL), feces (4 % wet basis), urine (2 % wet 
basis) and gas (10 to 15 L) were collected.  Samples were later thawed and composited 
for each cow during each period.  Likewise, fecal samples were deposited into large 
containers (Rubbermaid, Wooster, OH), subsampled, and frozen (-20 °C).  Samples of 
feces, orts and each feed ingredient were composited according to cow and period, dried 
at 55 °C in a forced air oven and ground to pass through a 1-mm screen (Wiley mill, 
Arthur H. Thomas Co., Philadelphia, PA). Ground samples were analyzed for DM 
(100°C oven for 24 h). Milk production was measured daily and milk samples (40 mL) 
were collected during the AM and PM milkings for the 2 d of collection for each animal 
and preserved using 2-bromo-2-nitropropane-1,3 diol. Milk samples were analyzed for 
fat, true protein, lactose, SCC and MUN (AOAC, 2000) using a B2000 Infrared Analyzer 
(Bentley Instruments, Chaska, MN) by Heart of America DHIA (Manhattan, KS). 
Feed samples, orts and fecal samples were analyzed at the University of 
Nebraska-Lincoln for N (Leco FP-528, Leco Corp., St. Joseph, MI), NDF (Van Soest et 
al., 1991), starch (Megazyme, AOAC method 996.11 and AACC method 76.13), and ash 
(AOAC, 2000).  Heat stable α-amylase (number A3306; Sigma Chemical Co., St. Louis, 
MO) was included in the NDF procedure (0.5 mL per sample). Samples were analyzed 
for ether extract (AOAC, 2000) by Cumberland Valley Analytical Services Inc. 
(Hagerstown, MD).  Urine and milk samples were analyzed for N as previously 
described.  All samples including feed, orts, feces, urine and milk were analyzed for gross 
energy (Parr 1241 Adiabatic Calorimeter, Moline, IL).  Prior to analysis, milk and urine 
samples were lyophilized (VirTis Freezemobile 25ES, SP Scientific, Gardiner, NY). 
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Heat production (HP) was determined through the use of headbox type indirect 
calorimeters (Foth, 2014) which were constructed at the University of Nebraska-Lincoln, 
and based on indirect calorimetry (Figure 2.4). Prior to collections, headboxes were used 
to test the rate of recovery of gas by burning 100% ethyl alcohol in the sealed headbox 
and comparing this measure to calculated gas concentrations. These calculations were 
based on weight of alcohol burned and a measured volume of gas sample.  Three lamp 
runs were conducted.  Recovery rates of O2 and CO2 averaged 101.8 ± 3.21 and 100.8 ± 
3.51 %, respectively. 
 Collection for each cow consisted of 2 consecutive 23-h intervals where gas 
concentrations were averaged for each period.  Feed was placed in the headbox and ad 
libitum access to water was available from a water bowl inside the box.  Doors were 
closed and the  motor turned on 15 min prior to the start of collecting to allow for air 
equilibrium.  Temperature and dew point within the box were recorded every min using a 
probe (Model TRH-100, Pace Scientific Inc., Moorseville, NC, USA) connected to a data 
logger (Model XR440, Pace Scientific Inc., Mooresville, NC, USA).   Total volume of 
gas was measured using a gas meter (Model AL425, American Meter, Horsham, PA, 
USA) and continuous proportional samples of outgoing and incoming air were diverted to 
collection bags (61 ×  61 cm LAM-JAPCON-NSE; 44L) using glass tube rotameters 
(Model 1350E Sho-Rate “50”, Brooks Instruments, Hatfield, PA).  Gas samples were 
analyzed (Emerson X-stream 3channel analyzer, Solon, OH) according to Nienaber and 
Maddy (1985).  Heat production was estimated by calculation from O2 consumption, and 
CO2 and CH4 production with correction for urinary N loss according to Brouwer (1965) 
with gases values reported in L and mass of urinary N reported in g (Equation 1).  
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Volume of CH4 formed was multiplied by a constant (9.45 kcal/L) to estimate the amount 
of energy represented in the formation of gaseous products.   
Digestible energy (DE) is the difference between GEI and the fecal energy 
(Equation 1). Metabolizable energy (ME) is the energy that is available for maintenance, 
growth, and production requirements of the animal and is the DE minus the urine energy 
and CH4 energy (Equation 2). Heat production (HP) was adjusted for excess N intake 
according to Moe et al. (1970) (Equation 3). Retained energy (RE) is the energy available 
after HP is subtracted from the ME (Equation 4). Tissue energy (TE) is equal to the RE 
minus the energy content of milk (Equation 5).  
DE (Mcal) = GEI (Mcal) – fecal energy (Mcal)     [1] 
ME (Mcal) = DE (Mcal) – urinary energy (Mcal) – methane energy (Mcal) [2] 
HP (Mcal)= 3.866 × O2 (l) + 1.200 × CO2 (l)  – 0.518 × CH4 (l) – 1.431 × N (g) [3] 
RE (Mcal) = ME (Mcal) – HP (Mcal)      [4] 
TE (Mcal) = RE (Mcal) – milk energy (Mcal)     [5] 
 
Statistical Analysis 
Data were analyzed using the GLIMMIX procedure of SAS (SAS Institute Inc., 
Cary, NC). Treatment, breed, breed within block, and period within block and breed were 
modeled as fixed effects, and cow within block, based on calving date, was modeled as a 
random effect. The LSMEANS option was used to generate least squares means of 
treatments listed in this study. Significance was declared at P ≤ 0.05. 
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RESULTS AND DISCUSSION 
 Twenty eight energy balances were completed for each breed. Gas meter 
calibration was not completed in time and diet composition was altered after the first 
collection period of the first block, so the data from those 4 Holstein cows were not used 
for that period.  One Jersey cow in block 4 died from a non-related source (intestinal 
intussusception) after the first collection period of that block.  During the third collection 
of block 2, a Jersey cow became ill and was removed from collections for that period.  
For a period in block 3 (Holstein), collection was reduced to a single day instead of 2 
consecutive days to avoid switching corn silage sources during collections. 
 
Diet Composition 
  The composition and chemical analysis of diets are presented in Table 2.1 and 
2.2, respectively. Diets were formulated to have similar concentrations of CP which 
averaged 18.8 ± 0.23 % CP (DM basis).  Ether extract was 2.6 and 3.6 ± 0.1 % for the 
Control and Co-product diet, respectively.  Greater content was expected in Co-product 
diet compared to Control because RFDDGS have more fat content than corn and soybean 
meal.  The NDF content of control and Co-product diet was 30.8 and 37.1 ± 0.24% 
respectively (DM basis). NDF content was expected to be greater in Co-product diet 
compared to the Control diet because of the greater NDF content of distillers grains 
compared to corn. Ash content was 8.21 and 8.41 ± 0.16% for Control and Co-product 
diet, respectively. Starch content was greater for Control compared to Co-product diet 
(26.7 ± 1.0 % vs. 18.9 ± 0.78 %, respectively). Non-fiber carbohydrate (NFC) content 
was greater for control compared to Co-product diet (42.3 vs. 35.5 ± 1.5 %, respectively). 
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There is a lesser content of starch and NFC in the Co-product diet since most of the 
starch in RFDDGS is removed for the production of ethanol.  
 Diet particle size was similar between treatments with 2.85, 20.7, 45.3, and 31.1 
% remaining on the > 19.0 mm, 19.0 – 8.0 mm, 8.0 – 1.18 mm, and < 1.18 mm pans, 
respectively, for the control TMR and 2.87, 19.9, 41.4, and 36.1 % for the RFDDGS 
TMR (Table 2.2). Kononoff et al. (2003) recommended that rations should include 30 to 
50 % of particles between 8.0 and 19.0 mm and 10 to 20 % particles between 1.18 and 
8.0 mm in diameter to maximize milk production and to avoid milk fat depression.  The 
proportion of particles in diets between 8.0 and 19.0 mm in the current study is lesser 
than recommended, and the proportion of particles between 1.18 and 8.0 mm in diameter 
is greater. 
 
Body Weight, Intake, Milk Production and Composition 
 In the current study BW averaged 694 and 429 ± 13 kg for Holstein and Jersey, 
respectively (Table 2.3). The BW of Jersey represented 62% of that of the Holstein, and 
there was no difference in BCS (P = 0.06) between breeds which averaged 3.3 ± 0.08. As 
expected, Holstein DMI intake was greater than Jerseys (24.5 vs. 18.1 ± 0.68 kg, 
respectively; P < 0.01). Nevertheless, Jersey had a greater intake per 100 kg of BW than 
Holstein cows (3.54 vs. 4.22 ± 0.13 kg / 100 kg of BW; P < 0.01). Previous studies also 
observed the greater intake capacity of Jersey in relation to its BW. For example, West et 
al. (1997) observed that Jersey DMI was between 0.07 and 0.68 kg / 100 kg of BW 
greater than Holstein cattle. In the latter study, the authors noticed that difference in DMI 
between breeds decreased with greater levels of forage in the diet. Similarly, Grainger 
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and Goddard (2007) reviewed the effect of breed on intake and reported that Jersey’s 
DMI was 0.49 kg / 100 kg of BW greater than Holstein cows. Prendiville et al. (2010) 
suggested that Jersey’s greater capacity may be associated to Jersey’s greater biting rate, 
intake rate, and grazing time compared with Holstein. Others also reported that Jerseys 
had a greater rate of passage than Holstein (Ingvarstsen and Weisber, 1993; Aikman et 
al., 2008), which may explain Jersey’s greater intake capacity per kg of BW. 
Additionally, the greater intake capacity of Jersey compared with Holstein cows may also 
be explained by their greater rumen-reticulum mass in relation to their BW (Smith and 
Baldwin, 1974; Beecher et al., 2014). The reticulorumen mass as proportion of BW of 
Jersey was 22 % greater than that of Holstein (Beecher et al., 2014). These differences 
between Jersey and Holstein cows are likely to contribute to the change in DMI as 
proportion of BW observed in the current study.  In addition, Aikman et al. (2008) 
emphasized that comparisons of intake capacity must consider variations in milk energy 
yield and diet components, which may affect appetite. In the study of Rastani et al. 
(2001), there was no effect on breed on intake capacity when cows with similar 
production levels were compared. 
In this study , we observed that milk yield was lesser in Jersey compared to 
Holstein cows which was expected due to the difference in BW and DMI. Milk yield of 
Holstein and Jersery averaged 37.2 and 23.4 ± 2.0 kg, respectively.  The milk yield 
difference between breeds was 13.8 kg. However, after adjusting for energy corrected 
milk (ECM), yield difference between breeds was reduced to 9.1 kg (38.2 vs. 29.1 ± 1.64 
kg/d for Holstein and Jersey, respectively). In this study, the yield of milk per kg of DMI 
was greater in Holstein compared with Jersey cattle (1.51 vs. 1.30 ± 0.07 kg /  kg of DMI, 
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respectively; P = 0.03). However, yield of  ECM kg / kg of DMI was numericall greater 
in Jersey compared with Holstein cows  (1.61 vs. 1.56 ± 0.05 kg /  kg of DMI, 
respectively; P = 0.50). Data  from  1.8 million Holstein and 69 thousands Jersey 
throughtout the United States showed that in average Holstein and Jersey yielded 29.1 
and 20.9 kg of milk, respectively (Capper and Caddy, 2012), which signifies that 
Holstein produce aproxiately 50 % more milk. Breed had no effect in gross feed 
efficiency, when it was determined by Anderson et al. (2007) as: fat corrected milk 
(FCM) / kg of DMI, solid corrected milk (SCM) / kg of DMI, and ECM / kg of DMI. The 
result of the latter study are in agreement with our observation since no effect of breed 
was observed on ECM / kg of DMI. 
The milk of Jersey contained a greater concentration of fat (4.97 vs. 3.70 ± 
0.19%) and protein (3.76 vs. 3.21 ± 0.11%) than that of Holstein cows (P < 0.01). 
Consequently the energy concentration of milk was lesser (P < 0.01) in Holsteins 
compared to Jersey (5.49 vs. 5.71 ± 0.06 Mcal/kg, respectively). The total milk fat yield 
was 0.20 kg or 14%  greater on Holstein compared with Jersey cows (1.36 vs. 1.16 ± 0.06 
kg/d, P = 0.03). Similarly,  Holstein cows produced 0.29 kg or 33%  more protein than 
Jersey cows (1.17 vs. 0.88 ± 0.05 kg/d, P < 0.01). In terms of feed efficiency, yield of 
protein per kg of DMI was not affected by breed and averaged 48.5 ± 1.4g / kg of DMI 
(P = 0.63). However, Jersey yielded 8.4 g/kg of DMI or 15 % more fat than Holstein  
cows (63.9 vs. 55.5 ± 1.96 g/kg of DMI; P < 0.01). Scientific literature is consistent on 
afirming that Jersey’s milk has greater content of fat and protein than Holstein cows.  
Data reported by Capper and Cady (2012) estimated that fat content of Holstein and 
Jersey averaged 3.8 % and 4.8 %, respectively. In the latter study, protein content  
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averaged 3.1 % and 3.7% for Holstein and Jersey, respectivley. In our study, Jersey had 
aproximately 0.1 % greater content of fat and protein compared with composition 
reported by Capper and Cady (2012). In addition, Holstein in our study had about 0.1 % 
less fat content and 0.1% more protein content than estimates reported by Capper and 
Cady (2012). However, the differences in milk content of protein and fat  between our 
study and Capper and Cady (2012) are not considerable. Prendiville et al (2009) 
suggested that greater yields of milk solid in Jersey cattle may be a result of greater 
mastication time per unit of BW of Jersey compared with Holsteins.  However, other 
studies that observed no difference in efficiency measurements expressed as milk solids 
yield (g) / kg of DMI between Holstein and Jersey (Rastani et al., 2001; Beaulie and 
Palmquist ,1995; Blake et al, 1986).  
 
Gas Consumption and Production 
 Daily consumption and production of O2, CO2, and CH4 is presented in Table 2.5. 
As expected, Holstein consumed more O2 and produced more CO2 and CH4 compared 
with Jerseys (P < 0.01). Consequently, HP of Holstein was greater than Jersey (34.4 vs. 
25.4 ± 0.74 Mcal / d, respectively; P < 0.01). 
Based on unit per BW0.75, consumption of O2 did not differ and average 51.8 ± 1.4 l / kg 
BW0.75 (P = 0.14). Jersey cattle produced more CO2 (57.0 vs. 53.4 ± 1.22 l / kg BW
0.75, 
respectively; P = 0.04) and CH4 (4.1 vs. 4.5 ± 0.14 l / kg BW
0.75, respectively; P = 0.04) 
than Holstein cows.   However, HP did not differ based on unit per BW0.75, averaging 
0.26 ± 0.01 Mcal / kg BW0.75 (P = 0.12).  
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In general, dairy production efficiency is improved when CH4 production per unit 
of milk decreases (Boadi et al, 2004). Losses of energy as CH4 production are not 
desirable, not only because CH4 is a greenhouse gas (Johnson and Johnson, 1995), but 
also because it represents inefficiency from an energy standpoint (Johnson and Johnson, 
1995; Hegarty, 1999). Therefore, we estimated the CH4 production per unit of milk yield 
as an alternative measure of dairy production efficiency.  We observed that CH4 
production per kg of milk produced was not different between breeds and averaged 16.9 
± 1.1 l/kg (P = 0.07). Similarly, breed did not differ in the CH4 production per kg of ECM 
which averaged 15.7 ± 0.91 l/kg (P = 0.14), and the CH4 production per kg of DMI which 
averaged 23.1 ± 0.74 l/kg of DMI (P = 0.40). Johnson et al. (1996) suggested that as 
productivity increases, total emissions of CH4 go up, however emission per unit of milk 
yield decreases. Results from this study suggest that there is no indication of improved 
productivity between Holstein and Jersey in terms of milk yield per unit of CH4 
production. The methane production most likely is affected by the interaction between 
diets and rumen microbes rather than breed.   
 
Nitrogen Balance and Digestibility 
 The nitrogen partitioning of Holstein and Jersey cattle is reported in Table 2.6.  
No interactions between breed and diet were observed in the variables measured. As 
expected, Holstein cows were observed to have a greater intake of N compared with 
Jerseys (738 vs. 542 ± 21.5 g/d, respectively). Similarly, Holstein cows were observed to 
have a greater N in feces (226 vs. 168 ± 7.68 g/d), urine (233 vs. 183 ± 7.21 g/d), milk 
(194 vs. 158 ± 9.25 g/d), and retained (84.9 vs. 34.8 ± 11.7 g/d) compared with Jersey (P 
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= 0.01). Nevertheless, breed had no effect on fecal, urine, and milk N as percentage of N 
intake (P = 0.10) averaging 30.9 ± 0.51 %, 32.7 ± 1.18 %, and 27.7 ± 1.15 %, 
respectively.  The N balance as percentage of N intake was greater in Holstein compared 
with Jersey (11.1 vs. 6.3 ± 1.68 % N intake, respectively; P = 0.05). In the study of 
Aikman et al. (2008), Jersey cows tended to have more negative energy balance as a 
proportion of N intake than Holstein cows, this may be associated with the greater 
demand of N for protein synthesis in the milk of Jerseys compared with Holstein cows. 
Others observed no effect of breed in N apparent digestibility between Holstein and 
Jersey, and Holstein and Jersey × Holstein cows ((Kauffman and St-Pierre, 2001; Xue et 
al., 2001). Similar to observation in the current study, Knowlton et al. (2010) reported 
that apparent N digestibility, N balance, and total N excretion as a proportion of N intake 
did not differ between Holstein and Jersey. Our results agree with previous observations 
and it seems that there is no effect of breed in N partitioning as a proportion of N intake.  
 The apparent digestibility measurements of Holstein and Jersey are reported in 
table 2.7. There was no interaction between breed and diet among any digestibility 
variable measured.   It would be expected that Holstein had a greater digestibility of feed 
nutrients since it had a lesser DMI per kg of BW than Jersey. In the current study, breed 
had no effect (P = 0.17) in the apparent digestibility of DM (68.1 ± 0.46%), ash (42.5 ± 
0.92%), CP (69.1 ± 0.54%), NDF (50.5 ± 0.76%), and non-fiber carbohydrates (NFC) 
(95.6 ± 0.17%).  In addition, Holstein had a greater digestibility of OM (71.0 vs. 69.8 ± 
0.04%, respectively), EE (77.2 vs. 74.3 ± 0.67%, respectively), and starch (97.3 vs. 95.4 
± 0.45%, respectively) than Jersey cattle (P = 0.04). Others observed no effect of breed 
on DM, OM, N, starch, and ADF digestibility throughout lactation (Aikman et al., 2008; 
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Xue et al., 2011). However, Aikman et al. (2008) and Oldenbroek (1988) observed that 
NDF digestibility of Jersey was greater than Holstein. The greater capacity of Jersey 
cows to digest fiber may be associated with their greater biting rate per BW0.75 
(Ingvartsen and Weisbjerg, 1993; Rodriguez et al., 1997) and with their greater 
reticulorumen mass as a proportion of BW (Beecher et al., 2014) compared with  
Holstein cows. However, in our study NDF digestibility was similar between breeds, this 
may be due to the lesser content of grass hay in our diets which averaged 6.94% and the 
high relatively NDF digestibility of other ingredients such as alfalfa hay, RFDDGS, and 
soybean hulls.  According to Van Soest (1994), relative large gastro intestinal tract (GIT) 
as a proportion of the BW would indicate larger area available for nutrient absorption, 
thus, increased digestibility would be expected on Jersey cattle. Despite Jersey having a 
greater GIT as a proportion of BW (Beecher et al., 2014), Holstein had greater 
digestibility of OM, EE, and starch which most likely is the result of Holstein consuming 
less DMI per kg of BW.  
 
Energy Partitioning 
As expected, due to breed difference in BW and DMI, gross energy intake (GEI) 
was greater in Holstein cows compared with Jersey cows (99.9 vs 72.5 ± 2.93 Mcal/d, 
respectively). Similarly, digestible energy (DE) (67.9 vs 47.0 ± 1.85 Mcal/d, 
respectively), metabolizable energy (ME) ( 59.0 vs 40.3 ± 1.75 Mcal/d, respectively), and 
recovered energy (RE) (24.7 vs 15.1 ± 1.29 Mcal/d, respectively) were greater in 
Holstein cows (P < 0.01).  Both breeds ended up with negative tissue energy (TE); 
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however Jersey had a greater negative TE than Holstein cattle (-4.5 vs -1.43 ± 0.95 
Mcal/d, respectively; P < 0.01).  
Due to the size and feed intake difference between breeds, we expressed the 
energy variables as a proportion of kg of DMI, and kg of metabolic BW (BW0.75) (Table 
2.8). Additionally, energy of feces, urine, milk, methane (CH4), heat production (HP), 
and tissue energy (TE) were measured as a percentage of GEI (Figure 2.5), DE, and ME, 
respectively (Table 2.9). 
There were interactions between diet and breed for GEI, DE, ME, HP, and urine 
energy when expressed as proportion of kg of BW0.75.  Table 2.10 reports the simple 
effects of variables with significant interaction. In addition, figures 2.8 to 2.17 illustrate 
the effects of breed and diet in the energy variables with interactions.    
Energy loss in feces per kg of DMI was greater in Jersey cows compared with 
Holstein cows (1.41 vs. 1.3 ± 0.03 Mcal/kg of DMI, respectively; P < 0.01). Similarly, 
fecal energy loss per kg of BW 0.75 was greater in Jersey cows compared with Holstein 
cows (0.27 vs. 0.25 ± 0.01 Mcal/kg BW 0.75, respectively; P < 0.01).  This is most likely 
the result of Jersey having greater DMI intake per unit of BW, which resulted in greater 
excretion per kg of DMI and BW0.75. In addition, the energy loss in feces as a proportion 
of GEI was greater in Jersey cows compared with Holstein (35.2 vs. 32.0 ± 0.65 % of 
GEI, respectively; P < 0.01). The greater fecal energy output as a percentage of GEI may 
be the result of Jersey’s greater rate of passage in the rumen than Holstein (Ingvarstsen 
and Weisber, 1993) which may cause a faster excretion of feed fed in days previous to 
collection days. There was no difference between breeds in the excretion of energy in 
urine per kg of DMI (0.21 ± 0.01 Mcal/kg of DMI; P = 0.40) and in the excretion of 
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energy in urine pet kg of BW 0.75 (0.04 ± 0.001 Mcal/kg BW 0.75; P = 0.47). Similarly, the 
urine energy as a percentage of GEI was not different between Jersey and Holstein (5.53 
± 0.18% of GEI; P = 0.24). Likewise, Breed had no effect in the production of CH4 
energy and averaged 0.15 ± 0.01 Mcal per kg of DMI and 0.03 ± 0.001 Mcal per kg of 
BW0.75 (P = 0.12). In addition, CH4 energy as a percentage of GEI did not differ between 
breeds averaging 3.7 ± 0.17 % of GEI (P = 0.35). The HP was not different between 
breed as a proportion of DMI (1.41 ± 0.03 Mcal/kg of DMI; P = 0.89) and as a 
percentage of GEI.  Although, HP per kg of BW0.75 was not different between breeds, 
there was an interaction between breed and diet (Figure 2.16). Despite the interaction, the 
variations in HP as a proportion of kg of BW0.75 were not quantitatively high and it 
averaged 0.26 ± 0.01 Mcal/kg BW0.75.  
Tissue energy (TE) was negative in both breeds. Nevertheless, Jersey had a 
greater negative TE compared to Holstein as a proportion of BW0.75 (-0.05 vs -0.01 ± 0.01 
Mcal/kg BW 0.75, respectively; P < 0.01), per kg of DMI (-0.28 vs -0.02 ± 0.05 Mcal/kg 
DMI, respectively; P < 0.01), and as a percentage of GEI (-6.63 vs -1.71 ± 1.17 % of 
GEI, respectively; P < 0.01).  Additionally, Jersey had a greater negative TE as a 
percentage of ME than Holstein (-12.5 vs. -3.3 ± 2.11 %, respectively; P < 0.01). The 
negative TE implies loss of BW and BCS. Nevertheless, BW and BCS did not change 
substantially through periods, even though the statistical design was not developed to 
estimate changes of BW and BCS. The negative TE observed in this study, is more likely 
the result of either an overestimation of fecal energy output, a drop of GEI, or a 
combination of both during the collection days.  
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In the present study, breed had no effect in energy milk per kg of BW0.75 (0.20 ± 
0.01 Mcal/ kg BW0.75; P = 0.47) and per unit of DMI (1.07 ± 0.04 Mcal/kg of DMI; P = 
0.76). In addition, no effect of breed was observed in milk energy as a percentage of GEI 
(26.7 ± 1.09 % of GEI; P = 0.51). The milk energy as a percentage of ME was 
numerically greater in Jersey compared to that of Holstein (49.4 vs. 44.5 ± 1.84 %, 
respectively; P = 0.07). Nevertheless, similar milk energy efficiencies (per kg of DMI, 
per unit of BW 0.75, and as a percentage of GEI) indicate that breed had no effect in the 
ability of cows in converting energy intake into milk energy.  Similarly to results in the 
current study, Aikman et al. (2008) reported no effect of breed in milk energy per unit of 
BW0.75 which averaged 0.23 ± 0.01 Mcal/kg of BW0.75. Another study by Rastani et al. 
(2001) observed that Holstein had greater milk energy per kg of BW0.75 than Jersey cows 
(0.21 vs. 0.24 Mcal/BW0.75 for Jersey and Holstein, respectively). Yan et al. (2006) 
observed that milk energy as a percentage of ME was 38.3%. In the latter study, tissue 
energy was 4% of ME. In contrast, in our study, the tissue energy was negative for both 
Holstein and Jersey, which resulted in greater milk energy output as a proportion of ME 
because some energy for milk production would come from body energy stores.  
We observed that Holstein cows had a greater DE (68.0 vs. 64.8 ± 0.64 %), ME 
(59.1 vs. 55.4 ± 0.65 %), and RE (24.5 vs. 20.6 ± 0.87 %) as a percentage of GEI than 
Jersey (P < 0.01) (Table 2.9). As previously stated, other losses such as CH4 energy, 
urine, and HP as a percentage of GEI were similar between breed.  Consequently, the 
main factor causing the lesser ME as a percentage of GEI in Jersey cows was the greater 
fecal energy as a percentage of GEI in the Jersey cattle. A meta-analysis by Don et al. 
(2015) reported energetic efficiency of Holstein and Non-Holstein (Norwegian, Jersey, 
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Norwegian × HF) dairy cows, and did not find difference in DE/GEI, ME/GEI, ME/DE, 
milk energy/ME, RE/ME, and ME for maintenance between breeds. Similar results were 
reported by Xue et al. (2011) with no differences between Holstein and Jersey × Holstein 
in DE/GEI, ME/GEI, ME/DE, milk energy/ME, and TE/ME. As previously pointed out, 
results of the current study indicate that Holstein were more efficient than Jersey in 
converting GEI into DE and ME and RE. The energetic losses as a percentage of GEI 
throughout the digestion were similar between breed, the only loss that was different was 
the fecal energy (% of GEI), which was greater in Jerseys. This greater fecal energy loss 
impacted on the calculation of the DE, ME, and RE as a percentage of GEI.   
Metabolizable energy for maintenance (MEm) was estimated separately for 
Holstein and Jersey through the regression of RE on ME and is the ME at zero RE 
(Figure 2.6, Figure 2.7).  The MEm estimated for Holstein and Jersey was 210.8 and 
212.1 kcal/ kg BW0.75, respectively. The efficiency of ME for lactation (kl), which is 
known as the slope of the regression line of RE and ME, was 0.8046 and 0.7423 for 
Holstein and Jersey, respectively.  Breed differences for MEm and kl were not tested 
because our statistical model was not developed for regression analysis. However, figures 
2.6 and 2.7 illustrate that both MEm and kl did not differ substantially between breeds.  
Similar responses have been reported when comparing Holstein and non-Holstein dairy 
cows (Dong et al., 2015), however estimates for MEm were lesser than our results at 164 
kcal/ BW0.75. The study of Xue et al. (2011) reported that cow breed had no effect on 
MEm (169.6 vs. 160.0 kcal/ kg BW
0.75, for Holstein and Jersey ×Holstein, respectively) 
and kl (0.604 and 0.575 for Holstein and Jersey ×Holstein, respectively).  It was reported 
that within the same breed, high genetic merit cows have similar MEm than low genetic 
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merit cows (Veerkamp and Emmans, 1995).  Yan et al. (2006) meta-analysis reported a 
range of MEm values between 146 and 179 kcal/ kg BW
0.75 for studies that included 
Holstein and Norwegian cows.  These values are lesser than those reported in our study 
(204.4 and 210.0 kca/ kg BW0.75 for Holstein and Jersey, respectively), suggesting that 
animals in our study had greater maintenance energy requirements and efficiency at 
converting ME to milk. It is been published in the literature that MEm are not constant but 
increased with ME intake (Dong et al., 2015).  Thus, the larger MEm observed in our 
studies may be partially explained by greater levels of intake. In addition, greater MEm 
may be associated to the high milk production of cows in the current study, which would 
increase organ function to support milk synthesis, and consequently increased 
maintenance.  
CONCLUSIONS 
In the current study we observed that breed had no effect in efficiency measured 
as ECM per kg of DMI, milk energy per kg of DMI, milk energy per kg of BW0.75, milk 
energy as a percentage of GEI and ME. The Jersey had a greater loss in feces as a 
proportion of GEI, BW0.75, and DMI. It was also observed that Jersey had a greater 
negative energy balance (TE) than Holstein when it was measured as a proportion of 
GEI, ME, BW0.75, and DMI, which may be a result of greater drop of DMI in Jersey cows 
during the collection periods.  The loss of CH4 energy per kg of DMI, per kg of BW 
0.75, 
and as a percentage of GEI, was not affected by breed.  Similarly, the energy losses as HP 
per kg of DMI, per kg of BW0.75, and as a percentage of GEI were similar between 
breeds. The latter results suggest that there are no differences in the metabolic rate and 
heat production between breeds.  In addition, MEm did not appear to be different between 
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breeds when it was estimated by a regression line between ME and RE. In conclusion, the 
current study did not find differences in terms of energy efficiency for milk production 
between breeds. 
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Table 2.1. Diet composition and analysis of Control and Co-Product (Co-P) with 28.8% 
Reduced-Fat Dried Distillers Grains and Solubles (RFDDGS) diets 
  Diet  
Component, % of DM Control 
 
Co-P 
Corn Silage 24.5 
 
24.5 
Alfalfa hay 18.4 
 
18.4 
Brome Hay 6.94 
 
6.94 
Ground corn 22.9 
 
8.95 
RFDDGS -- 
 
28.8 
Soybean meal 14.8 
 
-- 
Ground soybean hulls 7.93 
 
7.93 
Soypass1 2.01 
 
2.01 
Calcium carbonate 0.89 
 
0.89 
Sodium bicarbonate 0.65 
 
0.65 
Calcium diphosphate 0.3 
 
0.3 
Salt 0.22 
 
0.22 
Magnesium oxide 0.18 
 
0.18 
Trace mineral premix2 0.12 
 
0.12 
Vitamin premix3 0.12 
 
0.12 
1LignoTech, Overland Park, KS. 
2Contained 13.9% Ca, 0.03 %P, 0.42 %Mg, 0.20 % K, 4.20 % S, 0.08 % Na, 0.03 % Cl, 
445  Fe, 60,021  Zn, 17.375  Cu, 43,470  Mn, 287  Se, 527  Co, and 870  I. 
3Formulated to supply approximately 120,000 IU/d vitamin A, 24,000 IU/d of vitamin D, 
and 800 IU/d Vitamin E in total ration. 
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Table 2.2. Chemical composition and particle distribution of Control and Co-Product 
(Co-P) with 28.8 % RFDDGS diets1 
    Control   Co-P 
Chemical, % DM2   Mean SD   Mean SD 
DM 
 
75.9 0.32 
 
76.3 0.35 
CP 
 
18.8 0.23 
 
18.8 0.21 
Soluble protein 
 
4.32 0.18 
 
3.88 0.13 
ADICP 
 
1.2 0.12 
 
1.6 0.14 
NDICP 
 
2.66 0.2 
 
3.42 0.34 
ADF 
 
19.5 0.4 
 
21.5 0.46 
NDF 
 
30.8 0.69 
 
37.1 0.89 
Lignin 
 
3.14 0.15 
 
3.81 0.18 
NFC 
 
42.3 0.54 
 
35.5 0.65 
Starch 
 
26.7 0.43 
 
18.9 0.38 
Sugar 
 
5.15 0.18 
 
3.69 0.2 
Ether extract 
 
2.6 0.1 
 
3.6 0.13 
Ash 
 
8.21 0.16 
 
8.41 0.12 
Ca,% 
 
1.12 0.04 
 
1.02 0.06 
P, % 
 
0.44 0.01 
 
0.59 0.03 
Mg, % 
 
0.28 0 
 
0.33 0.01 
K, % 
 
1.83 0.04 
 
1.75 0.04 
S, % 
 
0.22 0 
 
0.4 0.01 
Na, % 
 
0.31 0.01 
 
0.4 0.01 
Cl, % 
 
0.39 0.02 
 
0.41 0.01 
Fe,  
 
291.7 11.5 
 
311 28 
Mn,  
 
113.3 4.32 
 
119.9 3.8 
Zn,  
 
35.5 1.27 
 
32.4 1.32 
Cu,  
 
83.2 3.18 
 
96.4 3.74 
Particle size, %3 
      > 19.0 mm 
 
2.85 0.66 
 
2.87 0.74 
19.0 - 8.0 mm 
 
20.7 2.88 
 
19.9 3.06 
8.0 - 1.18 mm 
 
45.3 4.86 
 
41.4 6.15 
< 1.18 mm   31.1 5.58   36.1 4.91 
1Values determined by Cumberland Valley Analytical Services, Hagerstown, MD. 
2CP = Crude Protein; ADICP = Acid detergent insoluble crude protein; NDICP = 
Neutral detergent insoluble crude protein; NFC = Non-fiber Carbohydrates.  
3Determined using the Penn State Particle Separator on wet basis (Heinrichs and 
Kononoff, 2002).
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Table 2.3. BW, BCS1, DMI, Milk production and composition of Holstein and Jersey 
cows fed Control and Co-product (Co-P) diet  
        P-value 
Item  Holstein Jersey SEM2 Breed Diet Interaction 
BW, kg 693.8 429.2 12.97 < 0.01 0.13 0.94 
Metabolic BW, kg BW0.75 135.2 94.2 1.97 < 0.01 0.14 0.86 
BCS 3.40 3.18 0.08 0.06 0.81 0.50 
DMI, kg/d 24.5 18.1 0.68 < 0.01 0.86 0.10 
DMI, % of BW 3.54 4.22 0.13 < 0.01 0.75 0.15 
DMI, % of BW0.75 18.2 19.2 0.60 0.22 0.78 0.13 
Milk yield, kg 37.2 23.4 2.02 < 0.01 0.10 0.43 
ECM3, kg 38.2 29.1 1.64 < 0.01 0.21 0.15 
Milk yield, kg/kg of DMI 1.52 1.30 0.07 0.03 0.30 0.42 
ECM, kg/kg of DMI 1.56 1.61 0.05 0.50 0.41 0.76 
Milk energy, Mcal/kg 5.49 5.71 0.06 0.01 0.16 0.79 
Fat, % 3.70 4.97 0.19 < 0.01 0.81 0.14 
Protein, % 3.21 3.76 0.11 < 0.01 0.00 0.42 
MUN4, mg/dl 16.6 16.9 0.52 0.69 0.58 0.95 
Fat yield, kg/d 1.36 1.16 0.06 0.03 0.14 0.09 
Protein yield, kg/d 1.17 0.88 0.05 < 0.01 0.51 0.48 
Fat yield, g/ kg DMI 55.5 63.9 1.96 < 0.01 0.20 0.97 
Protein yield, g/ kg DMI 48.0 49.0 1.39 0.63 0.39 0.70 
1BCS = Body Condition Score 1-5 scale according to Wildman et al. (1982). 
2Highest standard error of treatment means is shown. 
3ECM = Energy corrected milk = 0.327 ×  milk yield [kg] + 12.95 ×  fat [kg] + 7.20 ×  
protein [kg] adjusted for 3.5% fat and 3.2 % total protein (DHI Glossary, 2014). 
4MUN = milk urea nitrogen. 
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Table 2.4. Feces, orts, and urine outputs of Holstein and Jersey cows fed a Control 
and Co-product (Co-P) diet  
        P-value 
Item Holstein Jersey SEM1 Breed Diet Interaction 
Feces, kg 7.70 5.87 0.24 < 0.01 < 0.01 0.10 
Feces,  kg/kg of DMI 0.31 0.32 0.01 0.20 < 0.01 0.81 
Feces, % of BW 1.11 1.36 0.05 < 0.01 0.01 0.39 
Feces, % of BW 0.75 5.71 6.22 0.23 0.13 0.01 0.28 
Urine, kg DM 1.14 0.99 0.07 0.13 0.77 0.93 
Urine, % of BW 0.16 0.23 0.01 < 0.01 0.85 0.99 
Urine, % of BW 0.75 0.84 1.05 0.06 0.01 0.83 1.00 
1Highest standard error of treatment means is shown. 
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Table 2.5. Daily consumption of oxygen and production of carbon dioxide and methane for Holstein and Jersey cows fed Control and 
Co-product (Co-P) diet  
        P-value 
Item  Holstein Jersey SEM1 Breed Diet Interaction 
O2 Consumption, l/d 6,815 5,008 146 < 0.01 0.88 0.02 
CO2 Production, l/d 7,203 5,380 142 < 0.01 0.03 0.02 
CH4 Production, l/d 552 424 15.6 < 0.01 < 0.01 0.08 
CH4, L/kg of Milk 15.4 18.3 1.07 0.07 < 0.01 0.28 
CH4, L/kg of ECM 16.7 14.7 0.91 0.14 < 0.01 0.58 
CH4, L/kg of DMI 22.7 23.5 0.74 0.40 < 0.01 0.79 
Heat production2, Mcal/d 34.4 25.3 0.72 < 0.01 0.49 0.02 
Heat production, Mcal/ BW0.75 0.25 0.27 0.01 0.12 0.65 0.02 
O2 consumption, l/ BW
0.75 50.5 53.1 1.23 0.14 0.93 0.02 
CO2 production, l/ BW
0.75 53.4 57.0 1.22 0.04 0.06 0.01 
CH4 production, l/ BW
0.75 4.09 4.50 0.14 0.05 0.00 0.03 
1Highest standard error of treatment means is shown. 
2Heat production calculated with Brouwer’s (1965) equation from oxygen consumption (L), carbon dioxide production (L), methane 
production (L), and urine N (g) (HP = 3.866 × O2 + 1.200 × CO2 – 0.518 × CH4 – 1.431 × N).  
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Table 2.6. Nitrogen partitioning of Holstein and Jersey cows fed Control and Co-
product (Co-P) diet  
        P-value 
Item  Holstein Jersey SEM1 Breed Diet Interaction 
N intake, g/d 738 542 21.5 < 0.01 0.50 0.69 
Fecal N, g/d 226 168 7.68 < 0.01 0.64 0.16 
Urine N, g/d 233 183 7.21 < 0.01 0.11 0.48 
Milk N,  g/d 194 158 9.25 0.01 0.36 0.60 
N balance, g/d 84.9 34.8 11.7 < 0.01 0.87 0.28 
Fecal N,  % N intake 30.7 31.1 0.51 0.54 0.63 0.07 
Urine N, % N intake 31.9 33.4 1.18 0.36 0.16 0.77 
Milk N, % N intake 26.3 29.1 1.15 0.10 0.18 0.58 
N balance,  % N intake 11.1 6.3 1.68 0.05 0.95 0.22 
1Highest standard error of treatment means is shown. 
 
Table 2.7. Apparent digestibility of Holstein and Jersey cows fed Control and Co-
product (Co-P) diet  
        P-value 
Item 2 Holstein Jersey SEM1 Breed Diet Interaction  
 Digestibility, % 
 
  
    
DM 68.5 67.7 0.46 0.22 < 0.01 0.82 
OM 71.0 69.8 0.40 0.04 < 0.01 0.77 
Ash 42.3 42.6 1.88 0.92 0.77 0.19 
CP 69.3 68.9 0.51 0.54 0.63 0.07 
NDF 50.5 51.0 1.17 0.76 0.05 0.94 
EE 77.2 74.3 0.67 < 0.01 < 0.01 0.61 
Starch 97.3 95.4 0.45 0.01 0.09 0.31 
NFC 96.4 94.7 0.87 0.17 0.65 0.19 
1Highest standard error of treatment means is show. 
2 OM = organic matter; CP = crude protein; EE = ether extract; NFC = non-fiber 
carbohydrate = 100 − (% NDF + % CP + % fat + % ash) (NRC, 2001). 
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Table 2.8. Energy partitioning of Jersey and Holstein cows fed Control and Co-
product (Co-P) diets 
        P-value 
Energy item2  Holstein Jersey SEM1 Breed Diet Interaction3 
GEI, Mcal 99.9 72.5 2.93 < 0.01 0.04 0.03 
DE, Mcal 67.9 47.0 1.85 < 0.01 0.24 0.02 
ME, Mcal 59.0 40.3 1.75 < 0.01 0.22 0.02 
RE, Mcal 24.7 15.1 1.29 < 0.01 0.17 0.09 
TE, Mcal -1.43 -4.55 0.95 0.03 0.73 0.33 
Feces, Mcal 32.0 25.7 1.24 < 0.01 0.05 0.35 
Methane, Mcal 3.62 2.79 0.13 < 0.01 0.09 0.52 
Urine , Mcal 5.22 4.01 0.15 < 0.01 < 0.01 0.08 
HP, Mcal 34.4 25.3 0.72 < 0.01 0.49 0.02 
Milk, Mcal 26.1 19.5 1.30 < 0.01 0.01 0.17 
GEI, Mcal/kg of DMI 4.07 4.00 0.01 < 0.01 < 0.01 0.03 
DE, Mcal/kg of DMI 2.77 2.59 0.03 < 0.01 0.16 0.23 
ME, Mcal/kg of DMI 2.41 2.22 0.03 < 0.01 0.14 0.22 
RE, Mcal/kg of DMI 1.00 0.83 0.04 < 0.01 0.20 0.22 
TE, Mcal/kg of DMI -0.07 -0.26 0.05 0.01 0.84 0.29 
Feces, Mcal/kg of DMI 1.30 1.41 0.03 0.01 0.02 0.79 
Methane, Mcal/kg of DMI 0.15 0.15 0.01 0.69 0.12 0.77 
Urine, Mcal/kg of DMI 0.21 0.22 0.01 0.40 < 0.01 0.79 
HP , Mcal/kg of DMI 1.41 1.40 0.03 0.89 0.71 0.81 
Milk , Mcal/kg of DMI 1.07 1.08 0.04 0.76 0.07 0.75 
NEL, Mcal/kg of DMI 1.51 1.39 0.02 < 0.01 0.10 0.19 
GEI, Mcal/kg BW0.75 0.74 0.77 0.03 0.44 0.04 0.06 
DE, Mcal/kg BW0.75 0.50 0.50 0.02 0.83 0.24 0.03 
ME, Mcal/kg BW0.75 0.44 0.43 0.01 0.60 0.23 0.03 
RE, Mcal/kg BW0.75 0.18 0.16 0.01 0.15 0.21 0.12 
TE, Mcal/kg BW0.75 -0.01 -0.05 0.01 < 0.01 0.83 0.34 
HP , Mcal/kg BW0.75 0.25 0.27 0.01 0.12 0.65 0.02 
Feces, Mcal/kg BW0.75 0.24 0.27 0.01 0.03 0.05 0.57 
Methane, Mcal/kg BW0.75 0.03 0.03 0.00 0.14 0.10 0.80 
Urine, Mcal/kg BW0.75 0.04 0.04 0.00 0.05 < 0.01 0.03 
Milk, Mcal/kg BW0.75 0.19 0.21 0.01 0.47 0.01 0.36 
1 GEI = gross energy intake; DE = digestible energy; ME = metabolizable energy; RE 
= retained energy; TE = tissue energy; HP = heat production estimated by indirect 
calorimetry with Brouwer’s (1965) equation. 
2Highest standard error of treatment means is shown. 
3 Refer to table 2.10 for LSMEANS of interactions. 
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Table 2.9. Energy partitioning as a percentage of GEI, DE, ME, and RE of Holstein 
an Jersey cows fed Control and Co-product diets  
        P-value 
Item1  Holstein Jersey SEM2 Breed Diet Interaction 
Energy,  % of GE 
      
   DE 68.0 64.8 0.64 < 0.01 0.27 0.58 
   ME  59.1 55.4 0.65 < 0.01 0.51 0.49 
   RE 24.5 20.6 0.87 < 0.01 0.57 0.31 
   TE -1.71 -6.63 1.17 < 0.01 0.77 0.31 
   Feces 32.0 35.2 0.64 < 0.01 0.27 0.58 
   Methane 3.65 3.81 0.17 0.50 0.35 0.67 
   Urine 5.27 5.58 0.18 0.24 < 0.01 0.93 
   HP2   34.7 35.3 0.91 0.62 0.01 0.49 
   Milk  26.2 27.2 1.09 0.51 0.63 0.51 
Energy, % of DE 
  
    ME  86.9 85.5 0.46 0.04 0.37 0.54 
RE 35.9 31.3 1.40 0.03 0.22 0.35 
TE -2.73 -10.53 1.77 < 0.01 0.77 0.36 
    Methane 5.37 5.88 0.24 0.14 0.25 0.55 
Urine 7.77 8.63 0.27 0.03 < 0.01 0.78 
    HP  51.0 54.1 1.09 0.05 0.27 0.36 
    Milk energy 38.6 42.2 1.58 0.12 0.42 0.47 
Energy, % of ME 
  
    RE 41.2 36.6 1.49 0.04 0.23 0.36 
TE -3.31 -12.5 2.12 < 0.01 0.76 0.37 
    Milk  44.5 49.4 1.84 0.07 0.53 0.44 
    HP  58.8 63.4 1.49 0.04 0.23 0.36 
Energy, % of RE 
  
    TE -12.2 -43.6 9.65 0.03 0.84 0.47 
    Milk energy 112 144 9.65 0.03 0.84 0.47 
1 GEI = gross energy intake; DE = digestible energy; ME = metabolizable energy; RE 
= retained energy; TE = tissue energy; HP = Heat production estimated by indirect 
calorimetry with Brouwer’s (1965) equation. 
2Highest standard error of treatment means is shown. 
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Table 2.10. Energy variables with significant interaction  
  Holstein   Jersey   P-value 
Item1 Control Co-P 
 
Control Co-P SEM2 Breed Diet Interaction 
GEI, Mcal 96.0 103.8   72.6 72.3 2.93 < 0.01 0.04 0.03 
DE, Mcal 65.5 70.3 
 
47.9 46.2 1.85 < 0.01 0.24 0.02 
ME, Mcal 56.8 61.3 
 
41.0 39.5 1.75 < 0.01 0.22 0.02 
HP, Mcal 34.0 34.7 
 
25.9 24.8 0.72 < 0.01 0.49 0.02 
GEI, Mcal/kg DMI 3.98 4.16 
 
3.95 4.06 0.01 < 0.01 < 0.01 0.03 
DE, Mcal/ kg BW 0.75 0.48 0.52 
 
0.50 0.49 0.02 0.83 0.24 0.03 
ME , Mcal/ kg BW 0.75 0.42 0.46 
 
0.43 0.42 0.01 0.60 0.23 0.03 
HP, Mcal/ kg BW 0.75 0.25 0.26 
 
0.27 0.26 0.01 0.12 0.65 0.02 
Urine energy, Mcal/ kg BW 0.75 0.04 0.04   0.04 0.04 0.001 0.05 < 0.01 0.03 
1 Co-P = Co-product; GEI = gross energy intake; DE = digestible energy; ME = metabolizable energy; RE = retained energy; TE = 
tissue energy; HP = Heat production estimated by indirect calorimetry with Brouwer’s (1965) equation. 
2Highest standard error of treatment means is shown. 
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Figure 2.1. Reduced-fat dried distillers grains and solubles.  
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28 d diet adaptation 
7 d collections at 95 % ad 
libitum 
2 d collection /cow 
Total fecal collection 
Total Urine collection 
Gas samples (Headbox) 
Milk samples 
35 days 
Period begins Period ends 
Figure 2.2. Timeline of each period, including 28 d of diet adaptation, followed by 7 d of 
collection and sampling. 
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Figure 2.3. Headbox for gas collection (a), fecal and urine collection system (b) into an 
aluminum pan and a Surge milk can, respectively.  
a 
b 
  
80 
 
 
Figure 2.4. Aluminum bags for collection of gas from a live animal using the indirect 
calorimeter headbox system  
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Figure 2.5. Partitioning of energy as percentage of GEI of Holstein and Jersey cows. 
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Figure 2.6. Regression of RE (milk + tissue energy) on ME (intake energy – fecal energy 
– urinary energy – methane energy) in kcal/BW 0.75;(y =0.8046x – 169.64; R2 = 0.86) in 
Holstein cows.  Recovered energy = 0 at 210.8 kcal/BW0.75 and efficiency of converting 
metabolizable energy to lactation energy, kl = 80.5%. 
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Figure 2.7. Regression of RE (milk + tissue energy) on ME (intake energy – fecal energy 
– urinary energy – methane energy) in kcal/ BW 0.75 (y = 0.7423x – 157.45; R2 = 0.91) in 
Jersey cows.  Recovered energy = 0 at 212.1 kcal/ BW 0.75  and efficiency of converting 
metabolizable energy to lactation energy, kl = 74.2 %. 
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Figure 2.8. Gross energy intake (GEI) Mcal for Holstein and Jersey cows fed Control 
and Co-product diet. . 
 
 
Figure 2.9. Digestible energy (DE) Mcal for Holstein and Jersey cows fed Control and 
Co-product diet. . 
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Figure 2.10. Metabolizable energy (ME) Mcal for Holstein and Jersey cows fed Control 
and Co-product diet. 
 
 
Figure 2.11. Heat production energy (HP), Mcal for Holstein and Jersey cows fed 
Control and Co-product diet. 
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Figure 2.12. Gross energy intake (GEI), Mcal per kg of DMI for Holstein and Jersey 
cows fed Control and Co-product diet.  
 
 
Figure 2.13. Gross energy intake (GEI), Mcal per kg of BW0.75 for Holstein and Jersey 
cows fed Control and Co-product diet.  
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Figure 2.14. Digestible energy (DE), Mcal per kg of BW0.75 for Holstein and Jersey cows 
fed Control and Co-product diet. 
 
  
Figure 2.15. Metabolizable energy (ME), Mcal per kg of BW0.75 for Holstein and Jersey 
cows fed Control and Co-product diet. 
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Figure 2.16. Heat production energy (HP), Mcal per kg of BW0.75 for Holstein and Jersey 
cows fed Control and Co-product diet. 
 
 
Figure 2.17. Urine energy, Mcal per kg of BW0.75for Holstein and Jersey cows fed 
Control and Co-product diet. 
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APPENDIX I: EQUATIONS 
DE (Mcal) = GEI (Mcal) – fecal energy (Mcal)     [1] 
ME (Mcal) = DE (Mcal) – urinary energy (Mcal) – methane energy (Mcal) [2] 
HP (Mcal)= 3.866 × O2 (l) + 1.200 × CO2 (l)  – 0.518 × CH4 (l) – 1.431 × N (g) [3] 
RE (Mcal) = ME (Mcal) – HP (Mcal)      [4] 
TE (Mcal) = RE (Mcal) – milk energy (Mcal)     [5] 
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`CHAPTER 3 
Mineral apparent digestion by lactating Holstein and Jersey cows: Estimating fecal 
mineral excretion of diet containing RFDDGS 
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ABSTRACT 
Eight Holstein and 8 Jersey dairy cows (multiparous) were used to evaluate the effect of 
breed and diet on mineral and N excretion, absorption, and digestibility. Treatments were 
applied in a repeated switchback design (2 breeds times 2 diets) designed to examine the 
effect of cow diet and breed.  Diets consisted of 24.5% corn silage, 18.4% alfalfa hay, 
6.9% grass hay, with either 22.9% rolled corn and 14.8% soybean meal (Control diet) or 
8.95% rolled corn and 28.8% reduced fat distillers grains (RFDDGS) DM-basis (Co-
product diet). Diets were offered ad libitum for a 28 d adaptation period and 95% ad 
libitum for a 4 d collection period. During the collection days, intake and orts were 
measured, and total collection of feces was conducted. Subsamples of feeds, orts, and 
feces were taken and analyzed for N, Ca, K, Na, Mg, P, Cu, Fe, Mn, and Zn. The Co-
product diet had a greater concentration of Mg, Na, P, and Zn than the Control diet. As a 
result, cows fed Co-product diet had a greater excretion of Mg (2.74 vs. 2.36 ± 0.05 
g/DMI), Na (1.10 vs. 0.69 ± 0.08 g/DMI), P (4.23 vs. 2.95 ± 0.20 g/DMI), and Zn 
(0.12vs. 0.10 ± 0.001 g/DMI) than Control diet (P = 0.01). Diet had no effect on 
excretion (g/DMI) for N, Cu, K, and Mn. No effect of breed was observed in fecal output 
(g/DMI) for N, K, Mg, Mn, Na, P, and Zn. However, Cu excretion was greater in Jersey 
compared with Holsteins (0.029 vs. 0.026 ± 0.001 g/DMI; P < 0.01).  Diet had no effect 
the apparent digestibility of Ca, Fe, Mg, P and Zn.  . The Control diet had greater 
digestibility of Cu, K, and Na than the Co-product diet. The Co-product diet produced a 
greater digestibility of Mn (-12.4 vs. -35.6 ± 4.68; P < 0.01) than the Control diet. Partial 
digestibility of minerals between breeds did not differ for Ca, K, Mg, Mn, Na, P, and Zn 
between breeds. Nevertheless, Holstein had a greater (P = 0.03) digestibility on Cu (21.9 
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vs. 13.7 ± 3.29 %) and Fe (-17.4 vs. -30.4 ± 5.55 %) compared with Jersey cows. 
Nutrient utilization can be optimized when minerals and N are not supplemented in 
excess of animal’s requirements. Results of this study suggest that diets formulated 
containing RFDDGS should avoid supplementation of P and Jersey cows should not be 
supplemented Cu at the same concentration of Holstein.  
 
Key Words: minerals, excretion, reduced fat distillers grains with solubles. 
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INTRODUCTION 
The production of manure and manure nutrients and its environmental impact is 
becoming increasingly important for society (Weiss and Wyatt, 2004). As dairy farms 
continue to increase in size due to scale economics, the nutrients contained in manure are 
becoming concentrated in local areas.  Dairy farms have to comply with environmental 
regulation at the federal, state, and local concentrations (Castillo et al., 2007). The US 
environmental protection Agency (EPA) (2003) made new modifications to the Clean 
Water Act demanding more efforts to reduce pollution through nutrient management on 
concentrated animal operation. Feeding mineral in excess not only increases diet cost but 
also results in a negative environmental impact (Hristov et al, 2006).  Minerals such as 
nitrogen (N), phosphorus (P), and potassium (K) receive special attention when 
transferred into surface water, ground water, or cropping acres (Erickson and 
Klopfenstein, 2010).  Reducing nutrient loss in feces, improving waste management 
programs, manure application according to crop and soil requirements are some of the 
strategies to reduce the environmental impact of dairy production (NRC, 2001; Castillo et 
al., 2007). 
Distillers grains and solubles (DDGS), is a popular feed in replace of corn and 
soybean for dairy diets.  DDGS are fed as source of protein and energy; however the 
chemical composition varies among ethanol plants. DDGS content of CP, NDF, ether 
extract (EE), and P are greater than corn averaging approximately  30, 40, 10, and 0.9 % 
DM, respectively (Kleinschmit et al., 2006). Generally, DDGS has three times the P 
concentrations found in corn. As a result, P excretion by the herd may increase with 
increased feeding concentration of DDGS.  Recently, ethanol plants have sought to 
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partially remove the oil from DDGS and this oil may be used for biodiesel production 
(Berger and Singh, 2010). Thus, reduced fat distillers grains and solubles (RFDDGS) 
have become available to feed dairy cows. The RFDDGS has similar nutrient content to 
that of DDGS with a lesser content of EE that average approximately 6 % DM (Foth et 
al., 2015).  The sulfur (S) content of ethanol byproduct feeds in some cases may exceed 
1% of DM which is greater than expected based on its concentration in corn and it is 
mainly due to sulfuric acid which is used in the ethanol production process (Kleinschmit 
et al., 2006). Inclusion of DDGS in place of corn increases dietary P and S and generate 
environmental challenges due to the potential increase of nutrient excretion.  
Phosphorus is an important nutrient and its functions include structure and 
strength of bones and cell walls, energy transfer, and buffering systems (Geisert et al., 
2010).  However, ruminants are not efficient P utilizers and they excrete from 50 to 80% 
of P consummed (Smith and Alexander, 2000). As a result, soil P concentration is high in 
areas of intensive animal production where run off of P is most frequently observed. 
According to Smith and Alexander (2000), P losses from animal feeding operation are 
responsible for up to 47% of P discharges to surface water.  Excreted P can be applied to 
cropping lands and it is absorbed onto soil.  As a result, P concentration in soil stockpile 
and erodes into water (Pierzynski et al., 1994; NRC, 2001).  Phosphorus is the limited 
nutrient for most aquatic plants (Sharpey et al., 1994). Therefore, increasing the supply of 
P promotes eutrophication of surface water, excessive oxygen consumption, and 
reduction of oxygen in water and negatively affecting aquatic organisms. Excretion of P 
is strongly correlated with P dietary intake (Morse et al., 1992b; Knowlton, 2001). In 
dairy operations feeding P at concentrations greater than requirements may occur (Shaver 
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et al., 1995; Sink et al., 2000; Knowlton et al., 2001). Although a recent study suggested 
that most dairy nutritionist had decreased the inclusion of dietary P (Harrison et al., 
2012), the inclusion of ethanol Co-products such as RFDDGS that contain greater 
concentration of P presents new challenges when efforts are made to reduce P excretion.  
Potassium excretion is important in terms of environmental impact. Although no 
negative effect of K on water and soil has been reported, the EPA considers that K 
excretion should be budgeted and that future regulations will include K as one nutrient 
that has to be controlled and managed in dairy farms (Nennich, et al., 2005).  
Trace minerals are also essential nutrients for dairy cattle. These elements are 
associated with immune a reproductive function and the amount requirement for optimal 
function may be at greater concentration that the amount to prevent deficiency.  Elements 
such as copper (Cu), selenium (Se), and iodine (I) may become toxic when fed at greater 
concentrations.  When manure is applied to croplands there is also a potential for trace 
minerals to accumulate in the environment.  Gustafson et al. (2007) estimated that about 
90% or more of the output of Cu, manganese (Mn), and zinc (Zn) into the environment 
in Sweden originates from dairy farms.  Sheppard and Sanipelli (2012) indicated that Cu 
and Zn could accumulate in soils that are managed to prevent P accumulation.  There are 
proposals to add trace minerals, including calcium (Ca), magnesium (Mg), K, S, sodium 
(Na), iron (Fe), Mn, Zn, and Cu,  to state regulated nutrient management plants (Castillo 
et al., 2013).  Consequently there is a growing need to further understand the relationship 
between supply and excretion of trace minerals.  
The aim of this study was to estimate nutrient excretion and apparent digestibility 
of minerals on dairy cows fed a Co-product based diet (RFDDGS; Co-product diet). 
 96 
 
 
 
Additionally, we compared the effect of breed across diets on nutrient excretion and 
apparent digestibility to identify differences in mineral utilization between Jersey and 
Holstein cows.   
 
MATERIALS AND METHODS 
 Details of the experimental design, treatments, sample collection, and analysis are 
presented in Foth et al. (2015). Briefly,  multiparous Holstein (n=8) and Jersey (n=8)  
cows averaging 93 ± 20 DIM at the beginning of the experiment with average BW of 
690± 12.9 and 429 ± 13.0 kg, respectively, were fed 2 dietary treatments (Control or Co-
product) in a switchback experimental design. Diets included the Control which did not 
contain any RFDDG, and Co-product in which the Co-product RFDDG was included at 
30 % of the diet DM while partially replacing the corn and soybean meal (Foth et al., 
2015).  
Individual feed ingredients were sampled (500 g) each day during the collection 
period and frozen at -20°C.  They were later composited by period and a subsample sent 
to Cumberland Valley Analytical Services Inc. (Hagerstown, MD) for complete nutrient 
analysis of DM (AOAC, 2000), ash (942.05; AOAC 2000), and minerals (985.01; AOAC 
2000).  Total fecal output was collected from each individual cow during the collection 
period for 2 consecutive days.  Feces were collected using aluminum pans placed in the 
gutter behind the stall. Fecal samples were deposited into large containers (Rubbermaid, 
Wooster, OH), subsampled, and frozen (-20 °C).  Samples of feces, orts and feed 
ingredient were composited according to cow and period, dried at 55 °C in a forced air 
oven and ground to pass through a 1-mm screen (Wiley mill, Arthur H. Thomas Co., 
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Philadelphia, PA) and were analyzed minerals (985.01; AOAC 2000) by Cumberland 
Valley Analytical Services Inc. (Hagerstown, MD).   
Net intake of each mineral was calculated by multiplying measured mineral 
concentrations in feed by amount of feed offered (according to the proportion of each 
ingredient in the diet) minus the amount of mineral in orts. The mineral fecal output was 
calculated by multiplying the concentration of minerals by total DM fecal output. 
Apparent digestibility of minerals was calculated as measured mineral intake minus 
measured fecal output of each particular mineral divide by intake of each individual 
mineral (Weiss and Wyatt, 2004).   
 
Statistical Analysis 
Data were analyzed using the GLIMMIX procedure of SAS (SAS Institute, 2008). 
Treatment, breed, breed within block and period within block and breed, were modeled as 
fixed effects while cow within block, based on calving date, was modeled as a random 
effect.  The LSMEANS option was used to generate least square means of treatments 
listed in this study. Significance was declared at P ≤ 0.05. 
 
RESULTS AND DISCUSSION 
Body Weight, Intake, and Fecal Output 
 In this study the BW was 693.8 and 429.2 ± 12.9 for Holstein and Jersey 
respectively (Table 3.1). In addition, BW was not affected by diet type and averaged 
561.5 ± 9.2 kg (P = 0.13). As expected, the DMI intake of Holstein was  greater than 
Jersey cows (24.5 vs. 18.1 ± 0.68 kg, respectively; P < 0.01). However, DMI as a 
 98 
 
 
 
percetntage of BW of Jersey was greater than that of Holstein cows by 19.2 % (4.22 
vs.3.54 ± 0.13 DMI % of BW, respectively; P < 0.01). Diet had no effect (P = 0.86) on 
DMI and averaged 21.3 ± 0.53 kg across breeds.   
Fecal output was 21.4 % greater on Jersey compared to Holstein when it was 
expressed as proportion of BW (1.36 vs. 1.12 ± 0.07 kg/100 kg BW, respectively; P < 
0.01). The greater fecal output on Jersey is most likely the result of the greater DMI per 
unit of BW observed on Jersey cows since the percent change was close to 20%.   The 
fecal DM output as a proportion of BW was greater on cows fed the Co-product 
compared with the Control (1.30 vs. 1.18 ± 0.04 kg/100 kg BW, respectively; P = 0.01).  
Since there was no difference in DMI per unit of BW between diets across breeds (P = 
0.90), the greater fecal output per BW of Co-product diet is most likely the result of a 
lesser digestibility of RFDDGS compared with corn and soybeans. Foth et al. (2015) 
reported lesser apparent DM digestibility of Co-product diet compared to Control diet, 
which is in line with the greater fecal output per BW of Co-product diet in our results. 
This may also be related to greater NDF content of RFDDGS compared to corn which is 
less digestible than corn carbohydrates.  
  
Nutrient and Mineral Composition of Diets 
 The mineral concentration of ingredients and diets are reported in Table 3.2 and 
3.3. Diets were formulated to comply with objectives of Foth et al. (2015) and the 
mineral concentration of diets was the result of replacing corn and soybean by RFDDGS. 
The Co-product concentrate containing RFDDGS had a greater content of P (0.9 vs. 
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0.6%), S (0.6 vs. 0.2%), Fe (413 vs. 375 mg/kg), Mn (162 vs. 136 mg/kg) and lesser 
concentrate of Cu (56.1 vs. 62.3 mg/kg) than the Control concentrate (Table 3.2).  
The Co-product diet had a greater content of Mg (0.33 vs. 0.28 ± 0.001 % DM), Na (0.40 
vs. 0.31 ± 0.01 % DM), P (0.59 vs. 0.44 ± 0.01 % DM), Mn (96 vs. 83 ± 1.65 mg/kg), 
and Zn (121 vs. 113 ± 2.5 mg/kg) than the Control diet (P = 0.01) (Table 3.3). The 
Control diet had a greater content of Ca (1.11 vs. 1.02 ± 0.02 % DM), K (1.82 vs. 1.74 ± 
0.001 % DM), and Cu (36 vs. 32 ± 0.62 mg/kg) than the Co-product diet (P < 0.01). The 
P content of RFDDGS in the Co-product diet had a content of P of 1 % DM, resulting in 
a greater content of P in the Co-product diet compared with the Control diet. The trace 
minerals analyzed in this study included Fe, Cu, Mn, and Zn. The TM concentration in 
the diets was expected since Co-product concentrate had a greater content of Mn, and Zn 
and a lesser concentration of Cu than the Control concentrate.  
 
Mineral intake 
 Net intake of nutrients was the total nutrient offered minus nutrients in orts both 
estimated from feed and orts DM multiplied by nutrient concentration of feeds and orts, 
respectively and it is reported in Table 3.4.  
 Cows fed the Control diet had greater net intake of Ca (239 vs. 221 ± 7.4 g/d), K 
(387.7 vs. 371.1 ± 7.7 g/d), and Cu (0.76 vs. 0.70 ± 0.03 g/d) than Co-product treatment 
(P = 0.04). This is an indication of the greater content of Ca, Cu, and K of Control diet 
compared with Co-product diet as indicated in Table 3.3.  Similarly, cows fed Co-product 
diet had a greater intake of Mg (70.6 vs. 59.3 ± 1.45 g/d), Na (87.2 vs. 66.6 ± 3.35 g/d), P 
(128.2 vs. 94.1 ± 4.36 g/d), Fe (6.68 vs. 6.07 ± 0.27 g/d), and Mn (2.1 vs. 1.7 ± 0.08 g/d) 
 100 
 
 
 
than Control diet (P < 0.01).  Previous studies reported that P intake was affected by the 
P concentrations of feeds and it can fluctuate between 21 and 180 g/d with an average of 
93 g/d (Weiss and Wyatt, 2004; Castillo, 2007). In our study the Control diet had a P 
content of 0.44 % DM and P intake of 94 g which was similar to the averaged reported by 
Weiss and Wyatt (2004). According Weiss (2012) diets with typical ingredients contain 
between 0.3 to 0.4% P, the Co-product diet contained a greater P content of 0.59 %, 
which resulted in 25 g greater than the average reported by Weiss and Wyatt (2004).  The 
Zn content was greater in the Co-product diet compared with the Control diet; as a result,  
Zn net intake was numerically greater in the Co-product diet compared with the Control 
diet (2.6 vs. 2.4 ± 0.09 g/d, respectively; P = 0.08).  
 To account for BW and DMI differences between breeds, intake of nutrients was 
estimated as a proportion of BW (Table 3.5) and DMI (Table 3.6). As expected, Jersey 
had a greater intake of Ca, K, Mg, Na, Cu, Mn, and Zn (P = 0.01). Nevertheless, intake of 
P and Fe were similar between breeds. The greater mineral intake of Jersey was the result 
of the greater DMI per unit of BW previously reported. 
 The largest difference observed between breeds in terms of nutrient intake per kg 
of DMI was P.  Holstein had a greater intake of P as a proportion of DMI compared with 
Jersey cows (5.42 vs. 4.92 ± 0.14 g/ kg of DMI/d; P = 0.01). Even though there were 
significant interactions (Ca, Mg, and Fe) of breed and diet when mineral intake was 
estimated as a proportion of DMI, the effects were numerically small.   
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Nutrient and Mineral Composition of Feces 
The chemical analysis of feces was reported in Table 3.7. There were interactions 
of breed and diet for estimates of fecal Ca, Mn, and ash (P = 0.04), the cause for these 
interactions are unknown.   
Diet had no effect on the fecal concentration of K (1.0 ± 0.03 %DM), Fe (1129 ± 
42 mg/kg), and Zn (347 ± 8.7 mg/kg) diet (P = 0.65).  The Co-product diet produced 
feces with greater concentrations of Mg (0.83 vs. 0.78 ± 0.02 % DM), Na (0.33 vs. 0.22 ± 
0.03 % DM), and P (1.3 vs. 1.0 ± 0.06 % DM) than the Control (P < 0.01). The fecal 
concentration of cows fed the Control had greater concentrations of Cu (92.5 vs. 83.2 ± 
1.6 % DM) and Mn (360 vs. 323 ± 9.1 g/kg)    than cows fed the Co-product diet.   
The requirement of P is between 0.32 to 0.38 % DM (NRC, 2001) and the Co-
product diet had approximately 50% more than the requirement.  It has been reported that 
P excretion increases linearly with increases in P intake (Weiss and Wyatt, 2004; Wu et 
al, 2000). Thus, the fecal P concentration for cows fed the Co-product diet was 30% 
greater than cows fed the Control diet. This result was expected since the Co-product diet 
had 34% more P compared to the Control diet.  
Interestingly, the fecal Cu content of Jersey was greater than Holstein cows (91.1 
vs 84.6 ± 1.83 g/kg, respectively; P = 0.01). Others have observed differences in Cu 
requirement between Jerseys and Holsteins. Swecker (2014) found that Jersey was more 
susceptible to Cu toxicosis, and that Jersey’s Cu requirements may be lesser to the 
requirements of Holstein. However, the factors that cause a greater susceptibility of 
Jersey to Cu toxicosis are unknown. The greater fecal Cu content of Jersey observed in 
our study suggests a difference in Cu metabolism between breeds.  
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Minerals Excretion 
 The fecal output of minerals was estimated by multiplying the total fecal DM 
output by the mineral concentration in feces (Table 3.6). Excretion was estimated in g per 
day (Table 3.8), g per 100 kg of BW (Table 3.9), and g per kg of DMI (Table 3.10).  
 No effect of diet was observed on the excretion of Cu, and Mn and averaged 
196.5 ± 6.17, 0.58 ± 0.02, and 2.3 ± 0.07 g/d, respectively (Table 3.8). The fecal output 
of Zn was greater for cows fed the Co-product diet compared with Control diet (2.46 vs 
2.23 ± 0.10 g/d, respectively; P = 0.02).  
 In this study we observed that Holstein P excretion was about 50 g/d greater on 
the Co-product diet compared with the Control diet; while Jersey excretion of P was 
about 19 g/d greater on the Co-product diet (Table 3.17). Evidently, Jersey fecal output in 
g/d of N and minerals was lesser than Holstein cows, with variations generally 
proportional to changes in DMI and BW. A study by Knowlton (2010) estimated an N 
excretion of 243 and 162 g/d for Holstein and Jersey, respectively, which was attributed 
to proportional differences in DMI and BW. In our study, similar estimates were 
observed; although the difference between breeds was lesser, N excretion was 225 and 
167 ± 7.71g/d for Holstein and Jersey, respectively. 
 Nutrient excretion per unit of BW was estimated to account for difference in 
excretion due to BW. Diet had no effect (P = 0.12) on K, Cu, and Mn excretion (g/100 kg 
BW), which was expected since there were not substantial differences in the content of  
Cu, K, and Mn between diets. Cows fed the Co-product diet excreted more Mg (10.7 vs. 
9.2 ± 0.32 g/100 kg BW), Na (4.3 vs. 2.7 ± 0.32 g/100 kg BW), P (16.3 vs. 11.4 ± 0.75 
g/100 kg BW), and Zn (0.45 vs. 0.41 ± 0.02 g/100 kg BW) than the Control diet (P = 
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0.02). The greater fecal concentration of these minerals was expected since Co-product 
diet had also greater content of Mg, Na, P, and Zn than the Control diet.  
The Jersey cows had a greater excretion of K (13.4 vs. 10.4 ± 0.96 g/100 kg BW), Mg 
(11.0 vs. 8.9 ± 0.47 g/100 kg BW), Cu (0.12 vs. 0.09 ± 0.01 g/100 kg BW), Mn (0.5 vs. 
0.4 ± 0.02 g/100 kg BW), and Zn (0.48 vs. 0.38 ± 0.02 g/100 kg BW) compared to 
Holstein cows (P = 0.01). The greater excretion of Jersey may be due to greater DMI per 
unit of BW. However, breed had no effect on Na and P excretion, despite the DMI per 
unit of BW difference, and averaged 3.6 ± 0.53 and 13.8 ± 1.13 g/100 kg of BW, 
respectively (Figure 3.1). There were interactions for Ca and Fe excretion per 100 kg BW 
(Table 3.17). For example, Holstein fecal output of Ca was not affected by diet and 
averaged 30.8 ± 2.19 g/100 kg BW. However, Jersey cows fed the Control diet had a 
greater fecal output than Jersey cows fed the Co-product diet (40.9 vs. 33.7 ± 2.2 g/100 
kg BW). The cause for this difference is unclear; however, it may be due to a greater 
content of Ca in the Control diet.  
 Additionally, excretion as a proportion of DMI was estimated to account for 
differences in DMI. Cows fed the Co-product diet had a greater excretion of Mg (2.74 vs. 
2.36 ± 0.05 g/DMI), Na (1.10 vs. 0.69 ± 0.08 g/DMI), P (4.23 vs. 2.95 ± 0.20 g/DMI), 
and Zn (0.12vs. 0.10 ± 0.001 g/DMI) than Control diet (P = 0.01). The Co-product diet 
had a greater concentration of Mg, Na, P, and Zn which most likely is the cause of the 
greater excretion of these minerals in cows fed the Co-product diet.  The P content of Co-
product diet was 34% greater than Control diet, the P excretion (g/DMI) was 43% 
greater, suggesting a more than proportional increase with the Co-product diet (Figure 
3.2).  Similar results were reported by Knowlton and Herbein (2002) when P excretion 
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triplicated when P intake was doubled. In our study dietary P was 68% greater than the 
NRC (2001) P requirement (0.35%DM), which is common when less expensive 
byproduct are included in the diet (Stewart et al. 2012).  Other studies reported linear 
increases in P excretion when dietary P was greater than NRC (2001) P requirement 
(Weiss and Wyatt, 2004; Morse et al, 1992).  
 Diet had no effect on excretion for N, Cu, K, and Mn when expressed as g per 
unit of DMI . No effect of breed was observed in fecal output (g/DMI) for N, K, Mg, Mn, 
Na, P, and Zn. Interestingly, breed had no effect on P excretion (g/DMI) despite Holstein 
consumed 0.50 g more P per kg of DMI. The main difference found between breeds was 
in terms of Cu excretion, which was greater in Jersey compared with Holsteins (0.029 vs. 
0.026 ± 0.001 g/DMI; P < 0.01).  A case of chronic Cu toxicosis was reported in a UK  
herd by Bidewell  et al. (2001), in which incidence of chronic Cu poisoning was 5% in 
Jerseys and 0.4 % in Holsteins when cows were fed a high Cu ration (30-50 mg/kg Cu). 
Swecker (2014) suggests that over supplementation of Cu should be avoided on Jersey. In 
our study, greater Cu excretion possibly is related to a lesser Cu requirement of Jersey 
which would agree with previous findings.  
    
Apparent Digestibility of Minerals 
 The apparent digestibility of minerals was estimating as measured mineral intake 
minus measured fecal output of mineral divided by intake of mineral multiplied by a 
hundred (Weiss and Wyatt, 2004) (Table 3.16). Diet had no effect the apparent 
digestibility of Ca, Fe, Mg, P and Zn.  Apparent Ca digestibility was numerical greater 
(19.7 vs. 16.6 ± 2.45 %; P = 0.21) for cows fed the Control diet compared with the Co-
 105 
 
 
 
product diet. The Control diet produced greater digestibility of Cu, K, and Na than the 
Co-product diet. Interestingly, Cu and K were present in a greater concentration in the 
Control diet, which implies that digestibility increased with greater dietary content. The 
Cu digestibility can be reduced with S concentrations greater than 0.2% (NRC, 2001; 
Swecker, 2014); in our study this could be the case since Co-product diet had a S content 
of 0.40 % which is greater than the 0.22% in the Control diet and resulted in a lesser 
digestibility of Cu in the Co-product diet. With respect to Na, its digestibility was lesser 
in the Control diet, which implies that Na digestibility was reduced with greater Na 
content.  The Co-product diet produced a greater digestibility of Mn (-12.4 vs. -35.6 ± 
4.68; P < 0.01) than the Control diet; meaning that greater digestibility was possible with 
greater Mn content in the Co-product diet. The Mn digestibility was negative probably 
because we did not take into account other sources of Mn such as Mn content of water 
that can a significant source of this mineral (Castillo et al. 2007).  
 Breed had no effect on apparent digestibility of Ca, K, Mg, Mn, Na, P, and Zn 
between breeds (P = 0.10). Nevertheless, Holstein had a greater (P = 0.03) digestibility of 
Cu (21.9 vs. 13.7 ± 3.29 %) and Fe (-17.4 vs. -30.4 ± 5.55 %) compared with Jersey 
cows. Du et al. (1996) reported that Jersey attained adequate Cu states when low 
supplementation (11 mg/kg) was fed. Another study by Bidewell et al. (2012) observed 
that Jersey were more susceptible to Cu toxicosis than Holstein when Cu was fed 30 to 50 
mg/kg. Likewise, Swecker (2014) recommends that Cu supplementation should be 
avoided in Jerseys. The lesser Cu digestibility of Jerseys observed in our study may be 
associated with a lesser Cu requirement.  Although data are limited, our findings suggest 
that there may be difference in Cu metabolism between breeds.   
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Results on mineral excretion and digestibility are not necessarily representative 
for the dairy population due to the limited number of cows in our study. Headboxes were 
used as part of another experiment while measuring intake and excretion for the current 
study; ignoring the effect of headboxes in the DMI is another potential source of error 
that should be consider when estimating mineral apparent digestibility. There are other 
sources of minerals that were not incorporated in this study such as mineral intake from 
water, which should be included for future studies. 
 
CONCLUSIONS 
Manure excretion and apparent digestibility of minerals were estimated for 
lactating dairy cows fed a corn based diet (Control) and a RFDDGS diet (Co-product). 
Cows fed the Co-product diet had a greater intake of P, Mg, Mn, Na, Fe, and Zn than 
cows fed the Control diet, which resulted from a greater concentration of these minerals 
in the RFDDGS. As a result, excretion of P, Mg, and Na was increased in cows fed the 
Co-product diet. Dairy farms that utilized RFDDGS can face environmental problems, 
especially with excess output of P which is likely increase the environmental impact of 
farms.  The supplementation of minerals such as P is not necessary in diets utilizing Co-
products. No effect of breed was observed in mineral excretion as a proportion of BW 
and DMI. The Jersey cows had a greater excretion and lesser digestibility of Cu 
compared with Holstein. These observations indicate that Cu requirements for Jersey may 
be lesser than the requirements for Jersey.  
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Table 3.1. Body weight, DMI, feces, and orts across breed (Control vs. Co-product) and diets (Holstein vs. Jersey)  
Item 
 
Diet1 
   
Breed 
  
 
P-value 
 
 
Control Co-P SEM2 
 
Holstein Jersey SEM 
 
Diet Breed Interaction 
BW, kg 562 558 9.15 
 
693.8 429.2 12.9 
 
0.13 < 0.01 0.94 
DMI, kg 21.3 21.3 0.53 
 
24.5 18.1 0.68 
 
0.86 < 0.01 0.10 
Orts, kg DM 1.59 1.35 0.29  
1.86 1.08 0.37 
 
0.32 0.14 0.05 
Feces, kg DM 6.48 7.08 0.20  
7.70 5.87 0.24 
 
< 0.01 < 0.01 0.10 
DMI, kg/100 kg BW 3.88 3.89 0.08 
 
3.54 4.22 0.13 
 
0.75 < 0.01 0.16 
Orts, kg /100 kg BW 1.59 1.35 0.24 
 
1.86 1.08 0.52 
 
0.32 0.15 0.05 
Feces, kg/ 100 kg BW 1.19 1.30 0.04   1.12 1.36 0.07   0.01 < 0.01 0.41 
 
1Co-P = Co-product 
2Highest standard error of treatment means is shown 
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Table 3.2. Chemical composition of Control, and Co-product concentrates1 
  Control Concentrate Co-P Concentrate
2 
Chemical, %DM Mean SD Mean SD 
DM 88.8 0.50 89.6 0.76 
Ca,% 1.5 0.21 1.4 0.33 
P, % 0.6 0.05 0.9 0.23 
Mg, % 0.4 0.01 0.5 0.03 
K, % 1.4 0.06 1.2 0.04 
S, % 0.2 0.01 0.6 0.05 
Na, % 0.6 0.09 0.8 0.08 
Cl, % 0.4 0.15 0.4 0.05 
Fe, mg/kg 375.3 31.08 413.7 162.99 
Mn, mg/kg 135.9 18.29 162.3 22.74 
Zn, mg/kg 199.1 30.45 212.3 26.34 
Cu, mg/kg 62.3 6.98 56.1 7.39 
1Values determined by Cumberland Valley Analytical Services, Hagerstown, MD 
2 Co-P = Co-product 
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Table 3.3. Mineral analysis of diets across breed (Control vs. Co-product) and diets (Holstein vs. Jersey)  
Item   Diet       Breed     P-value 
  
Control Co-product SEM2 
 
Holstein Jersey SEM2 
 
Diet Breed Interaction 
Ca, %DM 1.11 1.02 0.02 
 
1.10 1.03 0.02 
 
< 0.01 0.01 < 0.01 
K, %DM 1.82 1.74 0.001 
 
1.78 1.78 0.00 
 
< 0.01 0.23 0.30 
Mg, %DM 0.28 0.33 0.001 
 
0.304 0.304 0.001 
 
< 0.01 0.88 0.02 
Na, %DM 0.31 0.40 0.01 
 
0.35 0.37 0.01 
 
< 0.01 0.20 0.10 
P, %DM 0.44 0.59 0.01 
 
0.54 0.49 0.01 
 
< 0.01 0.01 0.17 
Cu, mg/kg 36 32 0.62 
 
34 34 0.61 
 
< 0.01 0.82 0.05 
Fe, mg/kg 292 313 9.10 
 
334 271 9.71 
 
0.07 < 0.01 0.03 
Mn, mg/kg 83 96 1.65 
 
89 90 1.62 
 
< 0.01 0.78 0.09 
Zn, mg/kg 113 121 2.59   116 118 3.06   0.01 0.76 0.04 
1Highest standard error of treatment means is shown 
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Table 3.4. Minerals intake across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
Intake, g/d 
           Ca 239 221 7.43 
 
270 190 7.66 
 
0.02 < 0.01 < 0.01 
K 388 371 7.67 
 
437 322 17.03 
 
0.04 < 0.01 0.17 
Mg 59.3 70.6 1.45 
 
74.8 55.1 2.96 
 
< 0.01 < 0.01 < 0.01 
Na 66.6 87.2 3.35 
 
86.9 66.9 3.79 
 
< 0.01 < 0.01 0.01 
P 94.1 128.2 4.36 
 
132 90 4.36 
 
< 0.01 < 0.01 < 0.01 
Cu 0.76 0.70 0.03 
 
0.84 0.63 0.03 
 
0.04 < 0.01 0.05 
Fe 6.07 6.68 0.27 
 
7.90 4.85 0.27 
 
0.03 < 0.01 < 0.01 
Mn 1.74 2.06 0.08 
 
2.16 1.64 0.08 
 
< 0.01 < 0.01 0.01 
Zn  2.42 2.60 0.09   2.86 2.16 0.10   0.08 < 0.01 0.02 
1Highest standard error of treatment means is shown
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Table 3.5. Minerals intake per a hundred kg of BW across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
Intake, g/100 kg of BW                   
Ca 43.5 39.7 1.37 
 
39.2 44.0 1.68 
 
0.01 0.01 < 0.01 
K 70.7 67.8 1.52 
 
63.4 75.1 3.41 
 
0.06 < 0.01 0.10 
Mg 10.8 12.9 0.30 
 
10.9 12.9 0.61 
 
< 0.01 < 0.01 0.22 
Na 12.3 15.9 0.57 
 
12.6 15.5 0.80 
 
< 0.01 < 0.01 0.11 
P 17.0 23.2 0.77 
 
19.3 20.9 0.98 
 
< 0.01 0.12 0.11 
Cu 0.14 0.13 0.01 
 
0.12 0.15 0.01 
 
0.02 < 0.01 0.01 
Fe 1.09 1.19 0.05 
 
1.15 1.12 0.06 
 
0.06 0.63 0.01 
Mn 0.3 0.4 0.01 
 
0.3 0.4 0.02 
 
< 0.01 < 0.01 0.07 
Zn  0.4 0.5 0.02   0.4 0.5 0.03   0.09 < 0.01 0.06 
1Highest standard error of treatment means is shown
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Table 3.6. Minerals intake per a kg of DMI across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
Intake, g/kg of DMI       
 
      
 
    
 Ca 11.17 10.22 0.21 
 
11.06 10.33 0.20 
 
< 0.01 0.01 < 0.01 
K 18.22 17.39 0.05 
 
17.81 17.80 0.06 
 
< 0.01 0.57 0.55 
Mg 2.79 3.30 0.02 
 
3.05 3.05 0.02 
 
< 0.01 0.93 0.03 
Na 3.14 4.06 0.08 
 
3.53 3.66 0.07 
 
< 0.01 0.24 0.10 
P 4.37 5.96 0.14 
 
5.42 4.92 0.14 
 
< 0.01 0.01 0.18 
Cu 0.04 0.03 0.001 
 
0.03 0.03 0.001 
 
< 0.01 0.84 0.05 
Fe 0.28 0.31 0.01 
 
0.32 0.26 0.01 
 
0.04 < 0.01 0.03 
Mn 0.08 0.10 0.002 
 
0.09 0.09 0.002 
 
< 0.01 0.73 0.08 
Zn  0.11 0.12 0.003   0.12 0.12 0.003   0.02 0.86 0.08 
1Highest standard error of treatment means is shown
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Table 3.7. Mineral analysis of feces across breed (Control vs. Co-product) and diets (Holstein vs. Jersey) 1 
Item   Diet       Breed       P-value   
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed 
Breed x Diet 
Ca, %DM 2.9 2.6 0.08 
 
2.8 2.7 0.09 
 
< 0.01 0.85 < 0.01 
K, %DM 1.0 1.0 0.03 
 
0.9 1.0 0.03 
 
0.91 0.33 0.12 
Mg, %DM 0.78 0.83 0.02 
 
0.8 0.8 0.02 
 
< 0.01 0.65 0.59 
Na, %DM 0.22 0.33 0.03 
 
0.3 0.3 0.03 
 
< 0.01 0.97 0.08 
P, %DM 0.97 1.27 0.06 
 
1.2 1.1 0.07 
 
< 0.01 0.35 0.30 
Cu, mg/kg 92.5 83.2 1.65 
 
84.6 91.1 1.83 
 
< 0.01 0.01 0.47 
Fe, mg/kg 1134 1124 42.0 
 
1196 1063 46.9 
 
0.84 0.05 0.03 
Mn, mg/kg 360 323 9.12 
 
349.0 334.2 11.25 
 
< 0.01 0.36 0.55 
Zn, mg/kg 345 350 8.65   341.0 353.6 8.74   0.65 0.29 0.93 
1Values determined by Cumberland Valley Analytical Services, Hagerstown, MD 
2Highest standard error of treatment means is shown 
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Table 3.8. Minerals excretion in feces across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
Excretion, g/d       
 
      
 
    
 Ca 190 183 8.71 
 
212 161 9.53 
 
0.47 < 0.01 < 0.01 
K 62.4 67.1 3.08 
 
71.8 57.7 4.34 
 
0.14 < 0.01 0.02 
Mg 50.3 58.3 1.54 
 
61.5 47.1 2.16 
 
< 0.01 < 0.01 0.03 
Na 14.3 23.6 1.68 
 
21.6 16.3 2.99 
 
< 0.01 0.09 0.01 
P 62.3 89.7 4.61 
 
89.4 62.6 5.89 
 
< 0.01 0.00 0.02 
Cu 0.59 0.58 0.02 
 
0.65 0.53 0.03 
 
0.62 < 0.01 0.15 
Fe 7.4 8.1 0.43 
 
9.2 6.3 0.43 
 
0.12 < 0.01 0.01 
Mn 2.3 2.3 0.07 
 
2.7 1.9 0.11 
 
0.66 < 0.01 0.06 
Zn  2.23 2.46 0.10   2.61 2.08 0.10   0.02 < 0.01 0.17 
1Highest standard error of treatment means is shown
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Table 3.9. Minerals excretion in feces per a hundred kg of BW across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
g/100 kg of BW  
        Ca 34.98 33.13 1.55 
 
30.82 37.29 2.19 
 
0.24 0.01 < 0.01 
K 11.60 12.27 0.56 
 
10.43 13.45 0.96 
 
0.25 < 0.01 0.06 
Mg 9.21 10.69 0.32 
 
8.94 10.96 0.47 
 
< 0.01 < 0.01 0.40 
Na 2.68 4.26 0.32 
 
3.15 3.79 0.53 
 
< 0.01 0.24 0.11 
P 11.38 16.28 0.75 
 
13.02 14.63 1.13 
 
< 0.01 0.17 0.24 
Cu 0.11 0.11 0.00 
 
0.09 0.12 0.01 
 
0.59 < 0.01 0.16 
Fe 1.35 1.44 0.07 
 
1.34 1.45 0.08 
 
0.20 0.18 0.01 
Mn 0.42 0.42 0.01 
 
0.39 0.45 0.02 
 
0.60 0.01 0.07 
Zn  0.41 0.45 0.02   0.38 0.48 0.02   0.02 < 0.01 0.43 
1Highest standard error of treatment means is shown
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Table 3.10. Minerals excretion per a kg of DMI across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet   
 
  Breed   
 
P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
g/kg of DMI      
 
      
 
    
 N 9.19 9.29 0.15 
 
9.21 9.27 0.16 
 
0.60 0.82 0.55 
Ca 8.93 8.54 0.31 
 
8.70 8.77 0.35 
 
0.27 0.91 0.01 
K 2.94 3.18 0.11 
 
2.95 3.17 0.12 
 
0.10 0.19 0.17 
Mg 2.36 2.74 0.05 
 
2.52 2.58 0.04 
 
< 0.01 0.34 0.93 
Na 0.69 1.10 0.08 
 
0.89 0.91 0.10 
 
< 0.01 0.91 0.07 
P 2.95 4.23 0.20 
 
3.69 3.49 0.23 
 
< 0.01 0.54 0.29 
Cu 0.028 0.028 0.001 
 
0.026 0.029 0.001 
 
0.56 <0.01 0.57 
Fe 0.35 0.38 0.016 
 
0.38 0.34 0.017 
 
0.14 0.13 0.04 
Mn 0.11 0.11 0.003 
 
0.11 0.11 0.004 
 
0.52 0.75 0.34 
Zn  0.10 0.12 0.003   0.11 0.11 0.003   0.01 0.15 0.91 
1Highest standard error of treatment means is shown
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Table 3.11. Minerals apparent digestibility across breed (Control vs. Co-product) and diets (Holstein vs. Jersey). 
Item   Diet       Breed     P-value 
  
Control Co-product SEM1   Holstein  Jersey SEM1   Diet  Breed Interaction 
Digestibility, %       
 
      
 
    
 Ca 19.7 16.6 2.45 
 
21.4 14.9 3.75 
 
0.21 0.10 0.55 
K 83.8 81.6 0.82 
 
83.2 82.1 1.05 
 
0.01 0.30 0.22 
Mg 15.5 16.9 2.08 
 
17.2 15.3 2.08 
 
0.50 0.36 0.68 
Na 77.8 72.6 1.98 
 
75.3 75.1 4.15 
 
0.01 0.97 0.11 
P 32.3 29.7 2.14 
 
32.6 29.3 3.84 
 
0.24 0.39 0.88 
Cu 21.0 14.7 2.85 
 
21.9 13.7 3.29 
 
0.04 0.02 0.23 
Fe -25.5 -22.2 5.55 
 
-17.4 -30.4 5.55 
 
0.56 0.03 0.58 
Mn -35.6 -12.4 4.68 
 
-26.8 -21.2 5.72 
 
< 0.01 0.34 0.24 
Zn  7.25 2.22 4.87   6.85 2.62 4.87   0.31 0.39 0.52 
1Highest standard error of treatment means is shown
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Table 3.12. Simple effects of variables with significant interactions. 
  Holstein   Jersey    P-value 
Item  
Control Co-product   Control Co-product SEM1 Diet Breed Interaction 
Diet chemical analysis, %DM 
        Ca 1.10 1.10 
 
1.12 0.95 0.02 < 0.01 0.01 < 0.01 
Mg 0.28 0.33 
 
0.28 0.33 0.00 < 0.01 0.88 0.02 
Fe, mg/kg 310 358 
 
273 269 9.10 0.07 < 0.01 0.03 
Zn, mg/kg 110 123 
 
117 118 3.06 0.01 0.76 0.04 
Feces chemical analysis, %DM  
        Ash, %DM  14.21 15.28 
 
14.44 13.63 0.42 0.74 0.25 0.02 
Ca, %DM 2.81 2.72 
 
3.09 2.40 0.09 0.00 0.85 < 0.01 
Fe, mg/kg  1145 1247 
 
1124 1001 46.92 0.84 0.05 0.03 
Intake, g/d 
         Ca 266 273 
 
212 168 7.66 0.02 < 0.01 < 0.01 
Cu   0.84 0.84 
 
0.69 0.57 0.03 0.04 < 0.01 0.05 
Fe  7.13 8.67 
 
5.01 4.69 0.27 0.03 < 0.01 < 0.01 
Mg 66.8 82.8 
 
51.9 58.4 2.96 < 0.01 < 0.01 < 0.01 
Mn  1.89 2.44 
 
1.59 1.69 0.08 < 0.01 < 0.01 0.01 
Na    71.5 102.2 
 
61.7 72.2 3.79 < 0.01 < 0.01 0.01 
P   108 157 
 
80 99 4.36 < 0.01 < 0.01 < 0.01 
Zn   2.65 3.06 
 
2.19 2.13 0.10 0.08 < 0.01 0.02 
Intake, %BW 
         Ca 38.4 40.0 
 
48.6 39.4 1.68 0.01 0.01 < 0.01 
Cu   0.12 0.12 
 
0.16 0.13 0.01 0.02 < 0.01 0.01 
Fe  1.03 1.27 
 
1.15 1.10 0.06 0.06 0.63 0.01 
Intake, g/kg DMI 
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N  30.3 29.9 
 
29.4 30.9 0.16 0.01 0.69 < 0.01 
Ca 11.1 11.0 
 
11.2 9.4 0.21 < 0.01 0.01 < 0.01 
Fe  0.30 0.35 
 
0.26 0.26 0.01 0.04 < 0.01 0.03 
Mg   2.77 3.33 
 
2.82 3.28 0.02 < 0.01 0.93 0.03 
Excretion, g/d 
         Ca 201 223 
 
178 144 9.53 0.47 < 0.01 < 0.01 
Fe  8.19 10.20 
 
6.56 5.94 0.43 0.12 < 0.01 0.01 
Na    14.42 28.77 
 
14.15 18.39 2.99 < 0.01 0.09 0.01 
P   70.2 108.7 
 
54.5 70.7 5.89 < 0.01 < 0.01 0.02 
K 65.8 77.8 
 
59.0 56.4 4.34 0.14 < 0.01 0.02 
Mg 55.7 67.3 
 
44.8 49.4 2.16 < 0.01 < 0.01 0.03 
Excretion, %BW 
         Ca 29.1 32.6 
 
40.9 33.7 2.19 0.24 0.01 < 0.01 
Fe 1.19 1.49 
 
1.51 1.39 0.08 0.20 0.18 0.01 
Excretion, g/kg DMI 
         Ca 8.38 9.02 
 
9.48 8.06 0.35 0.27 0.91 0.01 
Fe 0.34 0.42   0.35 0.33 0.02 0.14 0.13 0.04 
1Highest standard error of treatment means is shown
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Figure 3.1. P excretion of Holstein and Jersey lactating cows fed Co-product and Control 
diets in g per kg of DMI.  
 
 
Figure 3.2. P excretion of Holstein and Jersey lactating cows fed Co-product and  
Control diet in g 100 kg of BW.  
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